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A k in e t ic  study was made o f  th e  r e a c t io n  betw een p h en o ls  
and c a r b o x y lic  a c id  anhydrides in  the p resen ce  o f  p y r id in e  b a ses  
in  carbon t e t r a c h lo r id e .  L inear fr e e  energy r e la t io n s h ip s  were 
a p p lie d  and r e s u l t s  are c o n s is t e n t  w ith  a g en era l base c a t a l y s i s ,  
i . e .  r e a c t io n  v ia  a p y r id in e /p h e n o l hydrogen-bonded complex. 
V alues were found f o r  th e  Hammett r e a c t io n  c o n s ta n t , ^  ; the  
D rônsted r e a c t io n  c o n s ta n t , 5 and th e  T aft ( s t e r i c  e f f e c t s )  
r e a c t io n  c o n s ta n t , ^ . The energy o f  a c t iv a t io n  was found f o r  
th e  r e a c t io n  betw een ^ rch lorop h en ol and a c e t ic  anhydride w ith  
p y r id in e . The c a t a ly t i c  a b i l i t y  o f  b a se s , o th e r  than p y r id in e  
b a se s , was d e te im in ed . The mechanism o f  the p y r id in e  c a t a ly s i s  
i s  d isc u sse d  and a t r a n s i t io n  s ta t e  proposed .
P henols do n o t r e a c t  w ith  c a rb o x y lic  a c id  anhydrides in  
carbon te tr a c h lo r id e  in  th e  absence o f  a b a se . Although  
2- p i c o l in e  and 2 , 6- lu t i d i n e  have h ig h  pK  ^ v a lu e s ,  th ey  do n o t  
c a ta ly s e  t h i s  r e a c t io n  because o f  s t e r i c  e f f e c t s  and f o r  t h i s  
reason  a l s o ,  2 , 6- lu t i d i n e  in h ib i t s  a c y la t io n  in  th e  p resen ce  o f  
a c a t a ly t i c  p y r id in e  b a se .
At h ig h e r  base c o n c e n tr a tio n s , a f a s t  r e a c t io n  v/as observed  
betw een p h en ols and anhydrides in  th e  presen ce  o f  2 , 6- l u t i d i n e ,  
but t h i s  d id  n o t go to  com p letion . At th e  low  base  
c o n c e n tr a tio n s  used  in  the work above, t h i s  f a s t  a c y la t io n  
accou n ts f o r  o n ly  a sm all p ercen tage o f  th e  r e a c t io n  and no 
fu r th e r  e s t é r i f i c a t i o n  o c c u r s . R e su lts  are c o n s is t e n t  w ith  a 
h ig h ly  r e a c t iv e  p h e n o l/2 , 6- lu t i d i n e  dim er hydrogen-bonded complex 
or  io n  p a ir .  A c e t ic  a c id  in h ib i t s  t h i s  i n i t i a l  rap id  r e a c t io n  
and th e  s o lv e n t  does n o t s ig n i f i c a n t ly  a f f e c t  r e s u l t s .
(v)
A c é ty la t io n  o f  a lc o h o ls  by a c e t ic  anhydride was stu d ied  in  
carbon t e t r a c h lo r id e . A lco h o ls  c o n ta in in g  in tra m o lecu la r  
hydrogen bonds rea c te d  s low er  than n o n -ch e la ted  a lc o h o ls .  
Reasons fo r  t h i s  reduced r e a c t iv i t y  are proposed.
P relim in ary  experim ents are rep orted  f o r  an e s t é r i f i c a t io n  
a t  a w ator-carbon te tr a c h lo r id e  boundary.
( v i )
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SECTION 1 , INTRODUCTION
A. rydrogen Bonding in  r e la t io n  to  hydroxyl group r e a c t i v i t y ,
i )  G eneral,
At the f i r s t  symposium on 'The %-drogen Bond* in  1949 
Hunter^ s ta te d , ’There i s  now no doubt th a t  the hydrogen atom 
can , in  c e r ta in  c ircu m stan ces , l in k  two o th e r  atoms to g e th e r . 
A lthough ouch atoms are co n fin e d , w ith  a few d o u b tfu l 
e x c e p tio n s , to  th e  e le c tr o n e g a t iv e  e lem en ts oxygen, n itr o g e n , 
su lphur and f lu o r in e ,  t h i s  n e v e r th e le s s  g iv e s  r i s e  to  the  
fo llo w in g  v a r ie ty  o f  hydrogen-bond t y p e s : -  O-IJ-O, 0-îî-N , N-H-N, 
0-H -S, N^H-S, P-H-P, P-H-N, P-IÎ-0, ’ T h is was probably the f i r s t  
attem pt to  d e fin e  the hydrogen bond, which i s  now regarded to  
e x i s t  i f  the fo llo w in g  c r i t e r ia  are f u l f i l l e d ^  : -
( i )  A hydrogen bond occu rs between a proton  donor group 
A-H and a p roton  a ccep to r  group B, where A i s  an e le c tr o n e g a t iv e  
atom 0 , N, S, P, C l, Br, I ,  or  C, and the a ccep to r  group i s
a  lo n e  e le c tr o n  p a ir  o f  an e le c tr o n e g a t iv e  atom. The a ccep to r  
group may a ls o  be a  Y V -electron o r b i t a l  o f  an un sa tu ra ted  
system .
( i i )  The t o t a l  bond le n g th  R (A ..,B ) i s  equal to  or  l e s s  
than  th e  sum o f  the van der Waals r a d i i  o f  atoms A and B, t l ia t  
i s ,  th e  t o t a l  bond le n g th  c o n tr a c tio n  caused by hydrogen bond 
form ation  i s  equal to  or g r e a te r  than tw ice  the van d er V/aals 
r a d iu s  o f  th e  hydrogen atom.
( i i i )  U su a lly  the hydrogen bond has an en th a lp y  o f  
form ation  between 4 and 40  kJmole"*^.
The e x is te n c e  o f  a  hydrogen bond was f i r s t  su g g ested  by 
Oddo and Puxeddu^ in  the s p e c ie s  ( I I )  in  eq u ilib r iu m  w ith  ( I ) ,
R.H.C*






( I I )
T his i s  very  c lo s e  to  the accep ted  modem form ula fo r  
o-hydroxyazo compounds ( I I I )  wliich c o n ta in  in tra m o lecu la r  
hydrogen bonds.
H-0^ ^  R
 H— OH E— N— E OH"
E
(IV) (V)
The incom p lete  io n iz a t io n  o f  th e  hyd rox id es p resen t in  
aqueous s o lu t io n s  o f  ammonia and a l ip h a t ic  amines was ex p la in ed  
by Moore and W inmill^ to  be due to  hydrogen-bonded s p e c ie s  o f  
th e  foim  (IV ) . Hence, th e se  compounds are weak b a ses  compared 
w ith  quaternary h y d ro x id es , which cannot be s im ila r ly  
hydrated  (V ). Soon a f t e r  t h i s  P fe if fe r ^  p o s tu la te d  s tr u c tu r e
(VI) f o r  1-hydroxyanthraquinone and Morgan and R e illy ^  gave 
th e  s tr u c tu r e  (V II) to  c e r ta in p - d ik e t o n e s .





Huggins^ a p p lied  th e  hydrogen bond concept to  e x p la in  
tautom erism  in  a c e to a c e t ic  a c id  e s t e r s  and s im ila r  compounds, 
and a ls o  the in t e r a c t io n  o f  ammonia w ith  w ater.
3The hydrogen bond g r e a t ly  s im p lif ie d  e x is t in g  knowledge 
a t  th a t  tim e and a ls o  ac ted  a s a stim u lu s to  seek in g  new
Q
know ledge. A rev iew  by P im entel and M cC lellan \7i t h  a
b ib lio g ra p h y  through to  1956  g iv e s  a good in d ic a t io n  o f  the
s t a tu s  o f  the hydrogen bond to  th a t  d a te . The l i t e r a t u r e  on
t h i s  su b je c t  must now be regarded a s too  e x te n s iv e  f o r  a
2
com prehensive rev iew , a lth ou gh  Vinogradov and I iin n e ll  have
attem pted  to  c o l l e c t  th e  im portant wo lies to g e th e r  producing a
s a t i s f a c t o r y  su c c e sso r  to  the work o f  P im entel and M cC lellan .
Ticliy^ roviov/od th e  in tr a m o le cu la r  hydrogen bond and i t s
a p p lic a t io n s  in  s te r e o c h e m istr y , g iv in g  r e fe r e n c e s  to  1 9 6 4 .
Murthy and Rao^^ r e c e n t ly  review ed the sp e c tr o sc o p ic  s tu d ie s
made on the hydrogen bond u s in g  in fr a r e d , u l t r a v io l e t  o r  n u c le a r
m agnetic resonance sp ec tro sco p y . Numerous o th e r  rev iew s are
a v a ila b le  on more s p e c i a l i s t  a sp e c ts  o f  th e  hydrogen bond, but
th e  su b je c t  o f  hydrogen bonding r e la te d  to  chem ical r e a c t iv i t y
h as been la r g e ly  n e g le c te d . No m ention w i l l  be made here o f
th e  stereo ch em ica l in f lu e n c e  o f  tlie  hydrogen bond on complex
7 11b ioch em ica l r e a c t io n  m echanism s. * •
i i )  P liy s ic a l p r o p e r t ie s  o f  hydrogen-bonded sy stem s.
The p h y s ic a l  p r o p e r t ie s  o f  system s c o n ta in in g  hydrogen
2 8 12bonds are d is c u sse d  f u l l y  e lsew h ere ,*  * and o n ly  a few  
s e le c t e d  exam ples are g iv e n  h e r e . Gordy and Stanford^*^ r e la te d  
( th e  d if fe r e n c e  betw een the f r e e  and a s s o c ia te d  hydroxyl 
group s tr e tc h in g  fr e q u e n c ie s )  f o r  m ethanol-d  in  k e to n e s  and 
a ld eh yd es to  th e  logarith m  o f  th e  r a te  co n sta n t f o r  sem i- 
carbazone fo rm a tio n . These au th ors a ls o  showed th a t  a  s im ila r  
r e la t io n s l i ip  h o ld s  between and th e  b a s ic i t y  c o n s ta n ts , pK^, 
f o r  a s e r ie s  o f  bases* T his c o r r e la t io n , however, was n ot a
4study o f  a r e a c t iv o  system  c o n ta in in g  a hydrogen bond, but 
sim ply used  a s  a measure o f  the pK  ^ o f  th e  carbonyl 
compound.
Ingraham e t  o l . ^  examined the e f f e c t  o f  meta and para
1^4
s u b s t itu e n ts  on th e  s tr e tc h in g  fr e q u e n c ie s  o f  th e  fr e e  and the  
hydrogen-bonded hydroxyl groups o f  p h en o ls and c a te c h o ls .
These fr e q u e n c ie s  each show an approxim ately  l in e a r  dependence 
on th e  H am ett <r fu n c t io n , but the s lo p e s  o f  th e  two curves  
d i f f e r .  A0« ^vas hence found to  depend l in e a r ly  on tlie  Hammett 
(3- fu n c t io n . T h is work ?/as n o t extended to  g iv e  a c o r r e la t io n  
o f  A'Jg \7 ith  r e a c t i v i t y .
A number o f  workers have t r ie d  to  c o r r e la te  A h  ^ w ith  AOg, 
where Ah® i s  th e  en th a lp y  o f  form ation  o f  th e  hydrogen-bonded  
ad d u ct. E pley and Drago^^ proposed th e  l in e a r  r e la t io n s h ip : -
-AH°(k ca l.m olo" ^ ) = 0 .0 1 1  AOqjj + 2 .7 9  
where th e  All° v a lu e s  have been ev a lu a ted  u s in g  a c o lo r im e tr ic  
method# The v a lu e s  were measured u s in g  phenol adducts
w ith  d i f f e r e n t  proton  a c c e p to r s  o f  w id e ly  v ary in g  n a tu re .
T h is r e la t io n s h ip  a g rees  extrem ely  w e ll  w ith  th a t  o f  Singh,
*L6Murthy and Bao based on in fr a r e d  sp e c tr o sc o p ic  data  f o r  th e  
hydrogen bond en th a lp y  range 3 -1 0  k c a l .  mole“^ .
-AH®(k ca l.m o le" ^ ) = 0 .0 1 0  A^qu + 2 .3 7
Stren gth  o f  organ ic  a c id s :  The Iiydrogen atom o f  the  
liydroxy-group in v o lv ed  in  an in tra m o lecu la r  hydrogen bond i s  
h e ld  to  th e  m olecu le  more s tr o n g ly  than i t  v/ould be in  the  
absence o f  such a  bond. As a r e s u l t ,  th e  removal o f  such a  
p roton  from th e  m olecu le  i s  more d i f f i c u l t  than in  th e  case  o f  
a n o n -ch e la te d  hydrogen atom. The p h y s ic a l  p r o p e r t ie s  o f
5£-liydroxyben25aldeliyde in d ic a te  the e x is te n c e  o f  a stro n g  
in tr a m o le cu la r  hydrogen bond hetv/een th e  liydroxyl proton  and 
the ad jacen t oxygen atom, and i t s  v a lu e  ( in  w ater) i s  8 .1 4 ,  
However, ^ -hydroxyhensaldehyde, which c o n ta in s  no in tra m o lecu la r  
hydrogen honding,^"^ has a pK  ^ o f  7 . 4 5 , Sadekov^^ has review ed  
t h i s  s u b je c t , g iv in g  numerous exam ples o f  the red u c tio n  o f  
hydroxyl group a c id i t y  due to  in tr a m o le cu la r  hydrogen bonding.
V/hon liydrogen bonds are formed in  m o lecu les  o f  organic  
c a rb o x y lic  a c id s ,  the d is s o c ia t io n  c o n sta n ts  o f  th e se  compounds 
may e i t h e r  in c r e a se  or  d e c r e a se . I f  th e  carb oxyl group or  i t s  
an ion  a c t s  a s  a proton  a c ce p to r , the d is s o c ia t io n  co n sta n t w i l l  
u s u a l ly  in c r e a s e . I f  th e  hydroxyl o f  th e  carboxy group a c t s  a s  
th e  proton  donor, th en  th e  a c id it y  o f  t l ia t  compound w i l l  
d e c r e a se . Branch and Yabroff^^ p o in ted  out th a t  o-hydroxybenzoic  
a c id  i s  a  much str o n g e r  a c id  than i t s  meta or para isom ers  
because th e  liydrogen bond s a tu r a te s ,  in  p a r t , th e  proton
a t t r a c t io n  o f  th e  c a ro o x y la te  io n . In  w ater , W iydroxybenzoic  
a c id  (V III) (Kg^ '^  1 ^lo""^) i s  more than ton  tim es a s stro n g  an 
a c id  a s ^ h ydroicyb onsoic  a c id  (K 8 xio**^).a
(V II I )
I t  i s  exp ected  t lia t  t h i s  hydrogen bond s t a b i l i s a t i o n  w i l l  
be s tr o n g e r  in  th e  an ion  than in  th e  a c id  and, h en ce , the  
eq u ilib r iu m  w i l l  be d isp la c e d  towards the d is s o c ia te d  form.
T his e f f e c t  i s  even more pronounced in  2 , 6-d ih yd roxyb en zo ic  a c id
p
(K^ = 5 %10~ ) ,  which i s  s tr o n g e r  than phosphoric a c id  and 
su lphurous a c id .
i i i )  Chemical r e a c t i v i t y .
20Hudson and Loveday have e s ta b lis h e d  th a t  th e  r a te  o f  
r e a c t io n  between a c id  c h lo r id e s  and a lc o h o ls  in  nort-polar  
s o lv e n ts  i s  p ro p o r tio n a l to  th e  c o n c en tr a tio n  o f  a s s o c ia te d  
a lc o h o l over  a  wide c o n c en tr a tio n  range (0 .0 3  -  1 .0  M). T his  
i s  ex p la in ed  by assum ing s p e c i f ic  a s s o c ia t io n  between the  
a lc o h o l and th e  a c id  c lilo r id e  in  the t r a n s i t io n  s t a t e  (IX ), and 
by c o n s id e r in g  the e q u i l ib r ia  p resen t in  s o lu t io n .
° s .  V . /
(EOH)^ + E^-G-Cl —». E-Ç — 0 ------  EO-C^ + (EOHÏg
+ HCl
H Cl I E^
?R_0 —II------ 0-R
(IX)
The t o t a l  r a te  o f  t l i i s  r e a c t io n  i s  g iv e n  b y :-#o
k = (Eon)^
Making th e  assum ptions th a t  ( i )  th e  r e a c t iv i t y  o f  the  
a s s o c ia t e  (ROH)  ^ i s  p r o p o r tio n a l to  th e  number o f  m o lecu les  i  in  
i t  and ( i i )  th e  s o lv a t io n  energy p rovided  by i  m o lecu les  i s  
independent o f  i  above some c r i t i c a l  v a lu e  (here taken  to  be 2 ) .  
I t  fo l lo w s  th a t  X-
-(A II-E jj)/R T  ^  
k = k^ (ROH + k]^e ® " Z_i(ROH)
2 ^
where AHq i s  the s o lv a t io n  energy o f  the t r a n s i t io n  s t a t e ,  
and Eg the hydrogen bond energy req u ired  to  foim  t r a n s i t io n  
s t a t e  (IX ). T his t r a n s i t io n  s t a t e  a ls o  e x p la in s  th e  la c k  o f  
s e n s i t i v i t y  o f  th e se  r e a c t io n s  to  changes in  p o la r it y  o f  the  
s o lv e n t .
21S im ila r  to  tho abovo i o  tho u n cata lyood  urotboao r e a c t io n .
A  (+)
H 0





Iho r a to  a lo e  dopondo o o a o n t io l ly  on tho o o a co n tra tio n  o f  tho  
p o ly o o r lo  ( o o l f  a so o c ia to d )  a lco h o l*  The r o a c t io n  i s  thou{>ht 
to  proceed v ia  tho iG ooyon ato -a lcoh o l polym er ia to x n e d ia to , tho  
roorrangooent o f  which i o  l^ o  r a te  d o to r o in in g  otep* P yrid in e  
and o tlio r  n itr o g e n  haoos o lo o  c a ta ly o o  tho  urethane r é a c t io n  
and tho  a c t iv a te d  complex i o  g iv e n  tho form i -
(+) H
R N----- ÏÏ— 0— R3 Î I
w 4) H
R N = C = 0
Tho 00 outhoro in v o o t ig a to d  how th e  r a te  was a f f e c t e d  by 
changing tho n atu re  o f  tho oolvont*  E i^ to o n  oo lv o n to  wore 
uood w ith  d if fo r o n t  d io lo o t r ic  con stan te*  A few  e o lo c to d  
oxanploo are g iv e n  below*
S o lven t D ie le c t r ic  I n i t i a l  Rate Conetant
C ^ D taa t
Cyclohokano 2 .0 2  39
Carbon to tr a o h lo r ld o  2*24 18
Donsono 2*28 5*3
Chloroform 4*81 2*9
îîitrob cn son o  36*1  1*3
EthyLl a c e ta to  6*4  0*13
l6o%ano 2*21 0*08
3Tho oboorved r a to  oonotan t ap p aren tly  dooo n o t depend on th e  
d io lo o t r ic  co n sta n t o f  th e  o o lv o n t, but in eroaeoo  ao tho oaoo 
o f  a lc o h o l p o lyn or  form ation  in c r o a o e s .
K ookiîrallio^^ in v o o tig a to d  tho o lc o h o ly o io  o f  a c e t ic  
anhydride in  cyclohoxano and carbon to tr a o h lo r ld o  a t  6 0 ° . A 
f i r s t  ord er  dopondeace in  each o f  tho r o a cto n to  was found and 
the ra to  docroaood \7 ith  in o r o a s ln g  a lc o h o l c o n c e n tr a tio n ,  
^ c o h o ly o io  p roceed s by a  two stop  mechanism \7 ith  tho fo m a t io n  
o f  a  to tra lio d r o l in to r o o d ia to  t -
CH.
(CH.GO)oO + ROH CH.. ^ 0 -C (






P r o d u cts  ^    .Os ,0
H -O ''
( c )
Both fo m a t io n  and docom position  o f  th e  to tro h o d r a l  
in to m o d ia to  (b ) probably occu r by way o f  th o  c y c l i c  t r a n s i t io n  
s t a t e s  (a )  and ( c ) .  As tho  c o n c en tr a tio n  o f  a lc o h o l i s  
incroasG d, p ro g ro so iv e  o o l f  a s s o c ia t io n  o ccu rs to  form  
p r a c t ic o l ly  no iv -rooctivo  c y c l ic  dimers# tr im ors and liig h o r  
a s s o c ia te d  op oo ioo . To form a t r a n s i t io n  s t a t e  such a s  (a )  
from an a lc o h o l a s s o c ia te d  w ith  an o th er  m oloculo in v o lv e s  tho  
brooking o f  a  hydrogon bond. Tho a c t iv a t io n  energy i s  th e r e fo r e  
g r e a te r  by about 12 îc J.nole*"^, v/hich moans th a t  tho  r o a c tio n
r a te  i s  reâucocl about 100 tim es a t  60^.
iv )  A lk y la t io n  o f  hydroxy-compouuds#
In  1970  Sadelcov^^ review ed in tra m o lecu la r  hydrogen bonding  
in  r e la t io n  to  chem ical r e a c t iv i t y ,  v/iiich in c lu d ed  a llc y la tio n  
and a c y la t io n  r ea c tio n s*  The p resen ce  o f  on in tr a m o le cu la r  
liydrogen bond in  th e  m olecu le  i s  th e  reason  f o r  th e  d i f f i c u l t y  
o f  o b ta in in g  e th e r s  v iiich  are d er iv ed  from the hydroxyl groups 
in v o lv e d  in  tho liydrogen bond. T iiis d i f f i c u l t y  i s  found u s in g  
a l l  th e  g e n e ra l methods o f  a lk y la t io n .  The hydroxyl group i s  
n o t m eth y la ted  when 2 -p y r id o in  (X) i s  tr e a te d  w ith  diazom etliane
in  e th e ii o r  w ith  d im ethyl su lp h ate  and a lk a l ie s * 23
( XI )
Narasimkachari^’**' in  1952 found th a t  2 *, 5 , 7 -tr iliy d r o x y -
flavan on e (X I), v/hen r ea c te d  w ith  d im ethyl su lp h ate  in  a c e to n e ,
in  the presen ce  o f  potassium  carb on ate, g iv e s  on ly
2* ,5 -d ih yd roxy-7 -m eth oxyflavan on e. Usualls^ c h e la te d  p h en ols
are n ot m etliy la ted , and vÆien se v e r a l hydroxyl groups are
to g e th e r  in  a  m olecu le  on ly  th o se  n o t in v o lv ed  in  hydrogen
915
bonding are m ethylated* In  1964, Schdnberg and Mustafa*"*  ^ were 
unable to  m etliy la te  c-hydroxyacetophenone or  o^hydroxy- 
benzophenono w ith  diazom etliane in  e th e r e a l so lu tio n *  T his \m s 
ex p la in ed  by the ch ela ted lrin g  str u c tu r e  (X II) which had been  
proposed 22 y e a r s  e a r l ie r  by Sidgwiok and Callow*"^^
10
— 0 = 0  HOCH,
0 - '< -C  0-H
(XU.) (X II I )
I t  \m s a ls o  foimd th a t  i f  m ethanol i s  added to  acetophenone
i t  io  r e a d ily  m eth y lated  hy diazom ethane because the a lc o h o l
h e lp s  to  brealc up c h e la t io n  a s  in  (X III)*
Some compounds con ta in iz ig  stro n g  in tra m o lecu la r  hydrogen
bonds are ap p aren tly  m eth ylated  norm ally v /ith  diazom ethane.
M e lle in ; 3 ,4-d ihydro-8-hydroxy-3-m e th y liso -co u m a ro n e , (XIV )
r e a c ts  s lo w ly  (3 days a t  room tem perature) w ith  diazome thane
27to  g iv e  tho m eth[o% y-derivative * '
‘CH -Ii"
(XIV)
S im ila r ly , 4 , 7-diliydro%y-3-ooumarono (XV) i s  r e a d ily
m eth ylated  in  the 4 p o s i t io n ,  but the hydroxyl group in  the 6
28p o s i t io n  i s  n o n -r e a c t iv e . In  t h i s  r e a c t io n , d ioxane v/as 
p r e sen t in  tho 'rea c tio n  m ix tu re , which may h e lp  brealc up the  
c h e la te d  s p e c ie s .
Hainos and Symes^^ r ea c te d  1 ,4  % 3$ 6 -d ia n h y d r o -g -g lu c ito l  
w ith  m ethyl io d id e  and s i l v e r  o x id e , and i t  v/as found th a t  th e  
in tr a m o lo c u la r ly  hydrogen-bonded hydroxyl (C -5) i s  a lk y la te d  
a t  a  f a s t e r  r a te  than the f r e e ,  and l e s s  s t o r i c a l ly  h indered  
C -2-liydroxyl group. P l a i n e a l s o  found th a t  the hydroxyl group 
in  2 , 3 -o -iso p r o p y lid in e -5 -o -to ly lsu lp h o n y l-^ -L -rh a ra n o fu r a n o se
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(XVI, H, OH) i s  m etliy la ted  f a s t e r  tlian in  the anomer 
(XVI, R^= OH, R^= H ).
(XVI)
(XVI) was p resen t in  e x c e ss  m ethyl io d id e  w ith  s i l v e r  
ox id e  f o r  43 liou rs, Tlie mechanism o f  m éth y la tio n  i s  a  
n u c le o p li i l ic  a tta c k  hy the oxygen atom o f  the u n io n ized  hydroxyl 
group on m ethyl io d id e , a id ed  hy an e le c t r o p h i l i c  a tta c k  o f  
s i l v e r  io n s  on the le a v in g  io d id e  io n . I t  was p o s tu la te d  th a t  
p a r t ic ip a t io n  o f  th e  hydroxyl group in  a hydrogen bond would 
enhance the n u c le o p h i l ic i t y  o f  the oxygen.
In 1965, Bourne e t  a l ,^ ^  proposed the s tr u c tu r e  (XVII) f o r  
g ly c e r o l  1 ,2 -p h e n y l boronate  which d id  n ot r e a c t  v /ith  m ethyl 
io d id e , benzoyl c h lo r id e  o r  to lu e n e -p -su lp h o n y l c h lo r id e .  
Although (XVII) e x i s t s  in  eq u ilib r iu m  w ith  on in tr a m o le o u la r ly  
liydrogen-bonded fozm, i t  v/as proposed th a t the d a tiv e  
in t e r a c t io n  v /ith  boron was the cause o f  th e  reduced  
n u c le o p h i l i c i t y  o f  the hydroicyl oxygen.
(XVII)
,v) E s t é r i f i c a t io n  r e a c t io n s  by « o y la t io n #
C onsider the eq u ilib r iu m  (1 )  where B i s  a  p roton  a c c e p tin g  
s p e c ie s  and A-H i o  a b le  to  donate i t s  p roton ,
2 HgO + A -H ,.,B  HgC.m.HA + HOH,.,B (1 )
The hydrogen-bonded s p e c ie s  A -H ,,,B  i s  u n sta b le  in  aqueous
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media and the system  e x i s t s  predom inantly a s  two so lv a te d  s p e c ie s .  
Because o f t h i s ,  v e iy  few a c y la t io n  or a l l iy la t io n  meclianisms are  
known in  p o la r  media which proceed through an in te rm o lec u la r  
liydrogen-bonded s p e c ie s ,  h y d r o ly s is , e x h ib it in g  c l a s s i c a l  
g e n e ra l c a t a ly s i s  i s  an ex ce p tio n  h ere , a s  the hydrogen-bonded  
s p e c ie s  i t s e l f  c o n ta in s  a  w ater m o lecu le . 2 h is  ca se  w i l l  be 
d isc u sse d  in  S e c tio n  I B .
C helated  p h en o lic  hydroxyl groups are probably more r e a d ily  
a c y la te d  tiian a lk y la te d . However, e s t e r  form ation  i s  a ls o  
anom olously slow  or does n o t occur a t  a l l  v;hen in tram ole c u la r ly  
bonded liydroxyl groups are p r e se n t . As w ith  a lle y la t io n , th ere  
are e x c e p tio n s  to  t h i s  r u le .
o -N itrop h en o l i s  b en zoy la ted  a t  a  slow er r a te  than i s  phenol 
i t s e l f ,  whereas m- and jj-x iit iep h en o ls  are b en zoy la ted  a t  a 
s l i ^ t l y  f a s t e r  ra te ,^ ^  Tho p h y s ic a l p r o p e r tie s  o f  o -n itro p h en o l  
(XV III) sliow i t  to  have a ston g  in tra m o lecu la r  hydrogen bond, 







B a sse tt  and O'Beary^^ found th a t o -m tro p h en o l rea c ted  
s low er  than the m- and p - isom ers w ith  a c e ty l  brom ide. In  1962 
Z a its  and lyashenko^^ found th a t o -n itro p h en o l r ea c te d  w ith  
benzene su lph onyl c lilo r id e  a t  a s l i g h t l y  f a s t e r  r a te  than i t s  
iso m ers, and more r e c e n t ly , Yoneno^^ found th a t  a g a in  the ortho  
isom er r ea c ted  f a s t e s t  in  a urethane r e a c t io n  c a ta ly s e d  by 
t r i e  tiiy  lam in e .
In polyliydroxyanthraquinonoo th e  hydroxyl groups in v o lv ed
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in  in tra m o lecu la r  hydrogen bonds are a c e ty la te d  much more s lov /ly
than the fr e e  h y d ro iy l g r o u p s . U n d e r  the u su a l c o n d it io n s
( a c e t ic  anhydride v/ith  a  few  drops o f  p y r id in e  a t  room
tem p erature) many compounds are n o t a c e ty la te d  a t  a l l .  Some
compounds which e x h ib it  t h i s  n o n -r e a c t iv ity  are 4—c lilo r o -
s a l ic y la ld e h y d e , 5 - f lu o r o -2 -n itr o p h e iio l and 2 ,3 t> - tr in it r o p h e n o l .
1 , 2 , 2 , 6 , 6 -p e n ta m e th y l-4 -p h e n y l-4 -p ip e r id in o l (XIX) has
been prepared and proved to  e x i s t  in  th e  more s ta b le  boat form*^^ 
A ll  a ttem p ts to  a c e ty l  a te  t l i i s  compound liave f a i l e d ,  due to  the
p resen ce  o f  stro n g  in tra m o lecu la r  Iiydrogen bond.
As found in  m ethj^lation r e a c t io n s , th e  s e l e c t iv e  a c é t y la t io n
o f  hydroxy-grcups in  polyh;i’‘droxy-coir.pounds i s  due to  the
involvem ent o f  some o f  th e se  in  in tra m o lecu la r  hydrogen bonds.
2 , 4-d ih yd roxyb en zo ic  a c id  and the corresp ond ing aldeî^yde are
o n ly  a c e ty la te d  in  the 4 p o s i t io n , and 2 ,4 ,6 - tr ih y d r o x y -
benaaldeliydo g iv e s  on ly  th e  4 ,6 - d ia c e t y l  d e r iv a t iv e .
1* ,2* ,3 * ,4-tctrah;:,''droxy-l,2-ben2ocycloheptajv-3-"One (XX)
i s  acet^riated  w ith  a c e t ic  anhydride to  g iv e  2 *, 3* , 4 - t r ia c e t o x y -
l-h y d ro x y -l,2 -.b o n a o cy c lo h ep ta n -3 -o n e  (XXI), which cannot be




2 - ( 0-h yd roxyp henyl)benzim id azole  (XXII) i s  on ly  a c e ty la te d
a t  th e  secondary n itr o g e n , s in c e  th e  hydroxyl group i s  in v o lv ed  
in  a  stron g  in tra m o lecu la r  hydrogen bond w ith  th e  t e r t ia r y  
n itr o g e n .
E—I 14
(XaI I )
The con troversy  a s to  whether a hydrogen bond enhances or  
red u ces c h o n ic a l r e a c t iv i t y  ( in  a c y la t io n )  now becomes 
apparent* ïh e  fo llovr in g  exam ples in d ic a te  how the hydrogen bond 
concept has been used  to  e x p la in  in c re a se d  r e a c t io n  ra tes#  
C helated  hydroxyl groups have been found to  have an 
in c r e a se d  n u c le o p h i l ic i t y  in  c e r ta in  r ea c tio n s*  Buck e t  al*^^  
found th a t  c is -5 -iT y d ro x y -2 -p h e n y l-l,3 -d io x a n  (X X III) rea c ted  
w ith  ]>- phenylazobenzoyl c h lo r id e  in  p y r id in e  a lm ost s i x  tim es  




The in c r e a se  in  b a s ic i t y  o f  th e  hydro%3'"1 cziygen in  the
c i s  isom er was ex p la in ed  by a b ifu r c a te d  in tra m o lecu la r
hydrogen bond* T his type o f  hydrogen bonding/v^beon shown to  be
p r e sen t in  (XXIII) in  carbon te tr a c h lo r id e  so lu tio n *  To
co n fim i th e se  r e s u l t s  c i s  and ti-ans 4 -p h en y lcy c lo h ex a n o ls  were
r ea c te d  under the same c o n d it io n s  a s  above in  co m p etitiv e
r e a c tio n s*  No in tra m o lecu la r  hydrogen bonding i s  p o s s ib le  here
and i t  was found, a s  ex p ected , t lia t  th e  tra n s  isom er r ea c te d
f a s t e r  than th e ^ c is  isomer*
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1 , 4 Î 3 ,  ô - d ia n l iy d r o - g -g lu c ib o l  ( ]D3/) lias tv;o hydroxy grou p s,  
one o f  w hich , i n  the  5 p o s i t i o n ,  i s  in v o lv e d  in  a s tr o n g  in tr o ^  
m o le c u la r  hydrogen bond.
■OH
R e a c t io n  o f  (>HCV) w ith  an ecu im o la r  amount o f  t o s y l  
c h lo r id e  in  p y r id in e  gave a f o u r f o ld  g r e a t e r  y i e l d  o f  the  
e n d o - 5 - t o s y l a t e  than o f  th e  e x o - 2 -  t o s y l a t e .  Lemieux and 
Liclnnes^*^ a l s o  found t h a t  the e x o - 2 - t o s y l a t e  r e a c te d  1 .4  t im e s  
more r a p id ly  w ith  t o s y l  c h lo r id e  than  d id  th e  e n d o - 5 - t o s y l a t e .
In  1971 , ICnoblich e t  a l . ^ “ determ ined  th e  r a t e s  o f  
e s t é r i f i c a t i o n  f o r  1 , 5 - d i - 0 - b e n z o y l - 2 , 4 - 0 - b e n z y l i d i n e x y l i t o l  
(ICCVI), - r i b i t o l  (XICVII), 1 , 5 - d i - 0 - b e n z o y l - 2 , 4 - 0 - m e t h y l e n e x y l i t o l  
(3CCVIII) and - r i b i t o l  (liXIX).
Hl2 CC(0 )Ph
(:a cv ii) R = Hh
0IÎ20C(0)?h
r = Ph
( R r i i i i )  R = H 
H ost work quoted  h ere  h as been o f  a p r e p a r a t iv e  n a t u r e , 
a n a ly s in g  th e  p ro d u cts  o f  c o m p e t i t iv e  r e a c t i o n s .  These r e a c t i o n s  
were fo l lo w e d  k i n e t i c a l l y  by an au tom atic  t i t r a t i o n  p ro ced u re .  
R e a c t io n s  were c a r r ie d  out i n  an anliydrous p y r id in e  s o l u t i o n ,  
u s in g  a c id  a n h y d r id e s ,  c a r b o x y l ic  a c id  c h lo r id e s  and su lp h o n ic
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a c id  c l i lo r id e s .  Acid aniiydiddes r ea c te d  more r e a d ily  w ith  
compoimds (XXVII) and (XXIX), v /ith  e q u a to r ia l hydroxyl groups# 
tlian w ith  compounds w ith  a x ia l  hydrouQTl groups# The o p p o site  
ord er  o f  r e a c t iv i t y  i s  found w ith  the carbo:cylic a c id  c li lo r id e s  
and su lp h on ic  a c id  ch lo r id e s#  I t  v/as su ggested  th a t  the  
1 , 3-d io x a n e  r in g  has an im portant fu n c t io n  i n  c o n tr o l l in g  
r e a c t iv i ty #  I t  was a ls o  proposed th a t  d ip o la r  in t e r a c t io n s ,  
both  d ip o le -d ip o le  and io n -d ip o le ,  serve  a s  a  more lo g ic a l  
source o f  r e a c t iv i t y  c o n tr o l than hydrogen bonding e f f e c t s .
T h is w i l l  be d isc u sse d  in  S e c tio n  ^?#
The in f lu e n c e  o f  liydrogen bonding on the r a te  o f
AO
b e n z o y la tio n  has been d isc u sse d  by W illiam s and Richardson^ 
in  1967. I t  \vas con sid ered  u n l ik e ly  th a t  in tra m o lecu la r
hydrogen bonding would occu r i n  p y r id in e , because o f  the stro n g
in te iïr io le c u la r  bonding wliich ta k e s  p la c e  between p y r id in e  and
a l c o h o l s # T h e s e  au th ors d isa g re e  v /ith  the o p in io n  o f  some
wo risers th a t in tra m o lecu la r  bonding in  a lc o h o ls  can occur in
p y r id in e  s o lu t io n s  to  produce an in c r e a se  in  b a s ic i t y  o f  the
bonded hydroxyl oxygen# Ilov/ever, i f  hydrogen bonding to  p y r id in e
i s  s t e r i c a l l y  h indered  in  the t r a n s i t io n  s t a t e ,  in tra m o lecu la r
hydrogen bonding to  a s u ita b ly  d isp o sed  a ccep to r  cou ld  assume
im portance.
v i  ) E s te r  h y d r o ly s is .
Many r e a c t io n s  are known in  which a neighb ourin g  hydroxyl 
group in  an e s t e r  appears to  enhance th e  r a te  o f  a lk a lin e  
h y d r o ly s is .  Capon^^ g iv e s  two mecloanisms by which a h yd rogen . 



















An example in  which t h i s  type o f c a t a ly s i s  cou ld  occur i s  
th e  a lk a lin e  h y d r o ly s is  o f  3cc-ucetoxy c h o ie s  tan -5  oQ-ol (XXX), 
wliich proceeds f a s t e r  than the h y d r o ly s is  o f  3 ^ a c e to x y -  






I t  i s  g e n e r a lly  v e iy  d i f f i c u l t  to  d is t in g u is h  between  
mechanisms (2 ) and ( 3 ) .  The mechanism fo r  e s t e r  l iy d r o ly s is  












-> ECO^  + E’OH
The experim en ta l ra te  co n sta n t i s  g iv e n  by k^= kg^/(l+ kg/k^)*  
k^ w i l l  in c r e a se  i f  th e  hydroDcyl group p a r t ic ip a te s  a s  in
scheme ( 2 ) ,  whereas k^ and w i l l  in c re a se  i f  th e  iiydroxyl
group behaves a s  in  scheme ( 3 ) .  The e f f e c t  o f k^  ^ i s  exp ected
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to  be much l e e s  in  (3 ) than in  ( 2 ) ,  and a l s o ,  i s  n o t exp ected  
to  a f f e c t  th e  o v e r a ll  r a te  s in c e ,  in  a lk a lin e  h y d r o ly s is ,  
kg/k^ i s  alw ays sm a ll. T h erefore, a la r g e  in c r e a se  in  r a te  
must be a sc r ib ed  to  mechanism ( 2 ) ,  whereas a sm all in c r e a se  i s  
c o n s is t e n t  vd.th both (2 )  and ( 3 ) .  U n fo rtu n a te ly , i t  i s  found 
th a t  the in c r e a se  in  r a te  i s  o f te n  very  sm a ll.
Henbest and Lovell^^ have t r ie d  to  d is t in g u is h  between  
th e se  two mechanisms by exam ining th e  e s t e r s  u s in g  in fr a r e d  
sp ec tro sco p y . However, a s  in  the work o f  Buck e t  a l.^ ^  (page 1 4 ) ,  
r e s u l t s  ob ta in ed  from sp ectroscop y  in  a p r o t ic  s o lv e n ts  were 
u sed  to  poctu3.atc a mechanism in  a co m p lete ly  d i f f e r e n t  medium. 
Sjjice r a te s  o f  r e a c t io n s  depend on the fr e e  energy d if fe r e n c e s  
betw een i n i t i a l  and t r a n s i t io n  s t a t e s ,  i t  i s  im portant to  know 
the s tr e n g th s  o f  th e  h;,rdrogen bonding in  th e se  two s t a t e s .
Hence the natu re o f  th e  hydrogen bonding in  the i s o la t e d  i n i t i a l  
s t a t e  in  a d i f f e r e n t  so lv e n t  i s  o f  l i t t l e  r e le v a n c e .
I t  lias been found th a t  e th y l c i s -  and tr a n s-2 -h y d r o :^ c y c lo -  
pentanecarbo:cylato have approxim ately  equal r a te s  o f  h y d r o ly s is ,  
both r e a c tin g  f a s t e r  than e th y l  cy c lop en tan ecarb oxy la te .^ ^  As 
no in tr a m o le cu la r  Jûydroeen bonding can e x i s t  in  the tra n s­
isom er, i t  i s  thought th a t the in c re a se d  r a te  o f  h y d r o ly s is  f o r  
th e se  e s t e r s  i s  due to  so lv e n t  s o r t in g . Experim ents were 
c a r r ie d  out w ith  th e se  e s t e r s  in  a w ater  % dioxan medium and i t  
was found th a t ,  a s  the percen tage o f  d ioxan was in c r e a se d , the  
red u c tio n  in  h y d r o ly s is  r a te  fo r  th e  h y d ro x y -e ste r s  was n o t a s  
g r e a t a s  fo r  th e  n o n -su b s t itu te d  e s t e r .  T liis behaviour cannot 
be ex p la in ed  sim ply by the in d u c tiv e  e f f e c t  o f  th e  hydroxyl 
group. S o lven t se q u e s te r in g  by the a lc o h o lic  hydroxyl group 
cou ld  le a d  to  a c y b o ta c t ic  r e g io n , d i f f e r e n t  in  com p osition
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from the r e s t  o f  the medium and, i f  s u f f i c i e n t ly  la r g e ,  could  
e f f e c t  c i s -  and tr a n s -  h y d ro x y -e ste rs  to  an equal degree* I t  
i s  su ggested  th a t  so lv e n t  s o r t in g  lias a g r e a te r  in f lu e n c e  on 
r e a c t iv i t y  than in tr a m o le cu la r  hydrogen bonding.
When th e  e s t e r  group has a hydroxyl group s itu a te d  c lo s e  
to  i t ,  a f a s t e r  r a te  o f  h y d r o ly s is  i s  n o t n e c e s s a r i ly  observed*  
The r a te  o f  h y d r o ly s is  o f  phenyl a c e ta te  i s  some seven  hundred 
tim es f a s t e r  tlian o^-hydroxyphenyl a c e ta te*  U s u a lly , however, 
r a te  enhancement i s  observed a s w ith  0;-carb oxyp h en y l-^ -g -g lu cose , 
which i s  h yd ro lysed  te n  thousand tim es f a s t e r  than the  
£-carboxyphenyl d e r i v a t i v e . T h i s  example o f  in tra m o lecu la r  




v i i )  E nzym e-catalysed r e a c t io n s .
Only th o se  h y d ro la ses  which p o s se s s  a c t iv e  se r in e  or  a c t iv e  
c y s te in e  r e s id u e s  are con sid ered  h e r e . Chymotrypsin A (3*4*4*5*) 
h as been stu d ied  in  d e t a i l  by Bender and Kezdy.^^ As in  the  
ca se  o f  many o th e r  enzymes, i t  i s  thought l i k e l y  th a t  
cliym otrypsin A p o s s e s s e s  an a c t iv e  r eg io n  in  the m olecu le  which  
c o n s t i t u t e s  a p e c u lia r  enviropJ?^^ Iri which the r e a c t io n s  o f  
th e  su b s tr a te s  may talce p l a c e . T h i s  a c t iv e  s i t e  i s  probably  
hydrophobic or  n on -p o lar  in  nature and en a b les th e  enzyme to  
fozm a 'hydrophobic lin k *  v/ith  the arom atic r in g  o f  s p e c i f ic
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s u b s tr a te s .  In  tlxxs a c t iv e  s i t e  th e  r e a c t iv i t y  o f  c e r ta in  
groups i s  enlianced. For example th e  l iy d r o ly s is  o f  a c e t y l -
. I
cliym otrypsin p roceed s a t  a f a s t e r  r a te  than would o r d in a r ily  
be exp ected  f o r  an 0 -a c e ty l  d e r iv a t iv e .  S im ila r  r e s u l t s  were 
ob ta in ed  by Bonder e t  a l .  w ith  tran s-c im iam oyl-ch ym otryp sin .
Only th e  se r in e  res id u e  a t  th e  a c t iv e  s i t e  becomes 
a c y la te d  in  chym otrypsin A during r e a c t io n  w ith  carboxy- 
d o r iv a t iv e s  a lth ou gh  th ere  are tw enty n in e  se r in e  r e s id u e s  in  
the whole m o lec u le . A se r in e  hydroxyl group would n ot be 
exp ected  to  r e a c t  w ith  th e se  rea g en ts  under normal c o n d it io n s .  
The in te r p r e ta t io n  o f  pH -rate p r o f i l e s  lias in d ic a te d  th a t  a  
h is t id in e  and an a sp a r t ic  a c id  r e s id u e  are a ls o  p r e sen t a t  the  
a c t iv e  s i t e .
Model s tu d ie s  show t lia t  the im id azo le  group ( in  the  
h is t id in e  r e s id u e )  may p a r t ic ip a te  in  a c y la t io n  or d é a c y la t io n  
r e a c t io n s , e i t h e r  a s  a n u c le o p h il ic  c a ta ly s t  a s  shown in  
scheme ( 5 ) ,  o r  a s  a  g en era l base c a t a ly s t  a s  shown in  scheme (6 )
H ^
(5 ) CH3-0-OCgH^NO2 +  _ HOGgH^ NO,'
W HpO
C H ,- a - N  N -------------   »- C H ,C O „H  + N K -H
W  '  '  W
0
( 6 )  H-W 'N + H„0.  + '  i c i 3
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D if f e r o n t ia t io n  between th e se  two meciianiams i s  n o t s im p le , 
even \7i t h  nonenzymic system s (See s e c t io n  B ). Two methods to  
d is t in g u is h  between th e se  mechanisms have been a p p lie d  h e r e .
In  n u c le o p h il ic  c a t a ly s i s  i t  should be p o s s ib le  to  observe the  
u n sta b le  a c e ty l in id a z o lo  in te r m e d ia te . S evera l a ttem p ts have 
been made to  do t h i s  w ith  f a s t  r e a c t io n  tec h n iq u es , but so f a r  
a l l  a ttem p ts have f a i l e d .  The second method, th e  deuterium  
oxid e e f f e c t ,  g iv e s  u s  more in form ation  about the r o le  o f  th e  
im id azo le  group in  th e se  enzyme c a ta ly s e d  r e a c t io n s .  General 
base c a t a l y s i s ,  c a r r ie d  out by im id azo le  a s  in  scheme ( 5 ) ,  
r e s u l t s  in  an iso to p e  e f f e c t  q ) 0^ approxim ately  2 - 3 #
T his a r is e s  because o f  th e  r a te  determ in ing proton  (d eu teron )  
t r a n s fe r  in  th e  c a t a l y s i s .  As would be exp ected  in  n u c le o p h il ic  
c a t a l y s i s ,  where no r a te  determ in ing proton  tr a n s fe r  o ccu rs , 
th e  deuterium  ox id e  iso to p e  e f f e c t  i s  u n ity .  However, t h i s  
method i s  by no means fo o lp r o o f  and d ed u ction s from i t  should  
be view ed w ith  c a u tio n . (S e c t io n  B)^
Bender found th a t th e  d é a c y la t io n  o f  tran s-c in n am oy l-  
chymo tryp  s in  A in  w ater i s  about 2 .5  tim es g r e a te r  tlian in  
deuterium  o x id e , and i t  i s  now g e n e r a lly  accep ted  th a t
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cliymo tryp  s in  A o p era tes  v ia  a g en era l base c a t a l y s i s .  In  the  
a c t iv e  s i t e  h i s t i d in e ,  s e r in e  and a sp a r ta te  r e s id u e s  are arranged  
such th a t  a liydrogon-bonded s p e c ie s  such a s  (XXXII) i s  form ed.
©
C.. .0—H— IV 'N— H---- 0Y  W
A sp-102 H is-5 7  S er-195  
(XXXII)
At pH v a lu e s  in  th e  r eg io n  o f  7 , th e  se iû n e  oxygen can be 
con sid ered  to  be ca rry in g  f a r  more n e g a t iv e  charge than i f  i t  
were an i s o la t e d  se r in e  r e s id u e , and th e re fo re  ; v i l l  be a  more 
pow erfu l n u c le o p h ile .
The mechanism o f  o s t e r  h y d r o ly s is  c a ta ly se d  by chym otrypsin  
A i s  now knov/n w ith  some c e r ta in ty  and can be found in  standard  
t e x t s .^ ^  T rypsin  ( 3 ,4 ,4 .4 )  i s  very  s im ila r  in  i t s  mode o f  
a c t io n  to  chym otrypsin, both  enzymes c o n ta in in g  an a c t iv e  se r in e  
r e s id u e , a lth ou gh  tr y p s in  shows d if f e r e n t  s e l e c t i v i t y  p r o p e r t ie s .  
The meclianism o f  c a ta ly se d  h y d r o ly s is  by papain ( 3 .4 * 4 .1 0 ) ,  an 
enzyme c o n ta in in g  an a c t iv e  c y s te in e  r e s id u e , i s  a g a in  very  
s im ila r  to  th a t  o f  chym otrypsin.
V i i i )  I n t e r f a c ia l  e s t e r  h y d r o ly s is  and model enzyme system s.
A great d ea l o f  work has been devoted  to  the p rod u ction  o f  
a sim ple organ ic  model system  which can em ulate th e  c a t a ly t ic  
a b i l i t y  o f  th e  enzymes. The p e p tid e , L -th r eo n y l-L -a la n y l-L -  
s e r y l-L - l i i s t id y l- L - a s p a r t ic  a c id , was sy n th e s ize d  in  1963 and 
found to  be a good c a t a ly s t  f o r  the h y d r o ly s is  o f  ]>-xiitrophenyl 
a c e t a t e T l i i s  p ep tid e  was o f  p a r t ic u la r  in t e r e s t  s in c e  th ree
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o f  the amino a c id s  vdiich i t  co n ta in s  are knovm to  be p resen t  
a t  th e  enzyme a c t iv e  s i t e .  L ater workers succeeded in  p i l in g  
some o f  th e se  fu n c t io n a l groups to g e th e r  in  la r g e ,  w ater s o lu b le ,  
copolym ers. O verberger e t  a l.^ ^  produced the copolym er o f  
4 ( 5 )-v in y lim id a z o le  and ^ -v in y lp h e n o l, and t h i s  v;as found to  be 
a f a r  su p er io r  c a ta ly s t  a t  h igh  pH v a lu e s  tov/ards the l iy d r o ly s is  
o f  a c e ta te  than any o f  i t s  monomeric or  polym eric
a n a lo g s . Three p o s s ib le  mechanisms were su ggested  f o r  t l i i s  
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Schemes (7 )  and (8 )  in v o lv e  n u o le o p li i l ic  a tta c k  o f  the  
im id azo le  group on the a c e ta te  su b stra te  and are n o t con sid ered  
v ery  p rob ab le . Scheme (9 )  in v o lv e s  a hydrogen bond between th e  
im id a zo le  and su b stra te  th u s producing a more e le c t r o p h i l ic  
cen tre  o f  a tta c k  f o r  th e  phenate io n . The r a te s  o f  s o lv o ly s i s  
were d eteim ined  in  e i t h e r  28 .5^  e tlian o l i w ater or  m ethanol: 
w a ter .
I t  has been reco g n ised  th a t hydrophobic in t e r a c t io n  malces
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a s ig n i f i c a n t  c o n tr ib u tio n  to  the s tr u c tu r e  and a c t i v i t y  o f  
onaymes. Kunitake and Shinkai^^®*^^ iiave sy n th e s iz e d  w ater  
s o lu b le  copolym ers from It-(5 -b en zim id azo le)acry lam id e  and 
IÎ-(2r^ 8 .roxyp h en y l)ac ïy lam id e , These polym ers d id  n o t sliow 
c o o p era tiv e  c a t a ly t i c  a c t io n , p o s s ib ly  due to  th e  fo im a tio n  o f  
a t e r t ia r y  s tr u c tu r e , where th e  j>-hydrozyphenyl group sim ply  
in c r e a s e s  th e  hydrophobic nature o f  th e  c a t a ly t i c  s i t e .  The 
r e a c t io n  s tu d ied  in  t h i s  ca se  v/as th e  h y d r o ly s is  o f  T i-acetoxy- 
b en zo ic  a c id  in  aqueous potassium  c lilo r id e  s o lu t io n .
Sncll*^^ p o in ted  out in  1967 th a t ,  a lthou gh  th e  a c t iv e  s i t e  
o f  many enzymes i s  now con sid ered  a s  a hydrophobic r eg io n , most 
work p e r ta in in g  to  model enzyme system s i s  s t i l l  c a r r ie d  out in  
bulk  aqueous m edia. A lso , a t  th a t d a te , th ere  ware no rep orted  
s tu d ie s  o f  in tra m o lecu la r  c a t a ly t ic  p r o c e sse s  in  nonhydroxylic  
m edia. These workers g iv e  ev id en ce f o r  t h i s  type o f  c a t a ly s i s  
in  th e  am idation  o f  m ethyl s a l i c y la t e  by n-butylam ine in  d ioxan .
M o n g e r ^ h a s  taken  t h i s  p o in t fu r th e r  tlian S n e ll  and has  
in v e s t ig a te d  th e  im id a z o le -c a ta ly se d  e s t e r  h y d r o ly s is  a t  a  
w ater-h ep tane boundary. Many enzym atic r e a c t io n s  which n o im a lly  
tak e p la c e  in  th e  fr e e  s o lu t io n , such a s  c liym otryp sin -ca ta ly sed  
h y d r o ly se s , can be con sid ered  a s  in t e r f a c ia l  p r o c e s s e s . Tlie 
b in d in g  s i t e  o f  chym otrypsin i s  a lm ost c e r ta in ly  hydrophobic 
and th ere  i s  ev id en ce  th a t  a t  l e a s t  p a rt o f  the c a t a ly t i c  s i t e  
i s  a q u e o u s . T h e  dependence o f  in t e r f a c ia l  h y d r o ly s is  r a te s  
on s t i r r in g  sp eed , c o n c en tr a tio n  o f  r e a c ta n ts , tem perature, 
v i s c o s i t y  o f  th e  hydrocarbon, volume o f heptane and v/ater  
s o lu t io n s ,  deuterium  and s a l t  co n ten t o f  the w a ter , la u r o y l  
im id a zo le  c o n ten t o f  the heptane (th e  e s t e r  h yd ro lysed  v,?as
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£ -n itr o p h e n y l la u r a t e ) ,  p resen ce o f  an am phip liile , and the  
natu re o f  the c a ta ly s t  were in v e s t ig a te d . Im idazole i s  shorn  
to  a c t  a s  a  n u c le o p h il ic  c a t a ly s t  r a th e r  tlian a g en era l base  
c a t a ly s t .  Perliaps the most im portant p o in t o f  t h i s  work was to  
develop  a m ethodology o f  in t e r f a c ia l  b io  organic ch em istry .
? a r t o f  t h i s  t h e s i s  i s  concerned vTith e s t é r i f i c a t io n  
r e a c t io n s  a t  a  w ater-carbon te tr a c ii lo r id e  in t e r f a c e .
B. E s t é r i f i c a t io n  and e s t e r  l iy d r o ly s is :  General base and
n u c le o p h il ic  c a ta ly se d  r e a c t io n s .
T his s e c t io n  d e a ls  w ith  g en era l base c a t a ly s i s  and
n u c le o p h il ic  (c o v a le n t)  c a t a ly s i s  o f  e s t é r i f i c a t i o n  and e s t e r
h y d r o ly s is .  ÎTo m ention w i l l  be made o f  s p e c i f i c  a c id  o r  base
56c a ta ly s e s ,  which have been review ed e x te n s iv e ly  e lsew h ere . 
G eneral a c id  c a t a ly s i s  i s  on ly  m entioned b r i e f l y ,  when i t  i s  
found to  occur w ith  g en era l base c a t a ly s i s  (s e e  a ls o  page 1 9 -  
th e  h y d r o ly s is  o f  O j-carboxyp henyl-^ -g-g lucose).
i )  G eneral base c a t a l y s i s .
The teim  g en era l base c a t a ly s i s  means, in  i t s  c la s s i c a l
s e n s e , the a tta c k  o f  a g en era l base on the su b s tr a te , removing
a proton  (o r  a  deuteron ) in  the r a te  determ in ing s t e p .
IM cle o p h ilic  c a t a ly s i s  occu rs when a n u c le p p h ile  .A tta ck s the
su b s tr a te  to  foim  an u n sta b le  in te im e d ia te  which breaks down
to  g iv e  the p rodu cts and reg e n e ra te s  the c a t a ly s t .
57I t  was found by Jenics and C arriuolo  th a t th e  h y d r o ly s is  
o f  e s t e r s  which are a c t iv a te d  in  the a c y l p o r t io n , i . e .  e th y l  
c h lo r o a c e ta te  and e th y l d if lu o r o a c e ta te , i s  c a ta ly se d  by 
g e n e ra l b a se s . Jenks^^ a ls o  found th a t  th e  h y d r o ly s is  o f
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N ,O -diace‘(y lser in a in iû 0 , which i s  c a ta ly s e d  by im id a zo le , i s  an 
example o f  general- base c a t a l y s i s .  Other r e a c t io n s  thought to  
proceed  v ia  g en era l base c a t a ly s i s  in c lu d e  ; the im id azo le  
c a ta ly s e d  Ijy d ro ly sis  o f  dim ethyl o x a la te ,  the hydrogen  
phosphate c a ta ly s e d  h y d r o ly s is  o f  e th y l  and m ethyl a c e ta t e s ,  
and th e  ca rb o x y la te  an ion  c a ta ly se d  liy d r o ly s is  o f  ch lorom ethyl 
c h lo r o a c e ta te .
Tlie base c a ta ly se d  h y d r o ly s is  o f  a c e ta te  may
proceed  by m y  o f  e i t h e r  g en era l base or n u c le o p h il ic  c a ta ly s is^  
l'îu c leo p h ilic  c a t a ly s i s  would have th e  form  
ArOAc + B BAc'*' + ApO"
BAc + HgO — > + AcOH
I f  the base used  was the a c e ta te  an ion  i t  should  be
59p o s s ib le  to  d e te c t  a c e t ic  anhydride a s  an in te r m e d ia te . Gold^^ 
added a n i l in e  to  t h i s  system  and th en  an a lysed  th e  prod u cts f o r  
a c e ta n i l id e  by u l t r a v io l e t  sp ec tro sco p y . By t l i i s  method, i t  
was deduced th a t  £ -n itr o p h e n y l a c e ta te  was m ainly hyd ro lysed  
by g en era l base c a t a ly s i s  accord in g  to  the meclianism b e lo w :-
fas-fc  ^ °
( i )  Me-CO-OAr +  ^ — Me-C-OAr + H^ O
OH
? slow  ?
( i i )  Me—C— OAr + HX Me—C— 0 —Ar + X
I I
OH OH
Qf' f a s t
( i i i )  Me-O-rO—Ar  ^  GH^ GO^ H + ArOH
OH^
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However, th ere  was some ev id en ce f o r  n u c le o p h il ic  
c a t a l y s i s  in  t h i s  system  and i t  was l a t e r  found^^ th a t  
n u c le o p h il ic  c a t a ly s i s  predom inates v /ith  a c e ta te  e s t e r s  o f  
p h en o ls , where the p h en ols have a pK -  va lu e  o f  l e s s  than about 
5 . Above pK -  v a lu e s  o f  8 the c a t a ly s i s  o f th e se  e s t e r s  
f o l lo w s  c l a s s i c a l  g en era l base c a t a l y s i s .  N u c le o p h ilic  
c a t a ly s i s  in  t h i s  system  would have the fo m
kn 9 k„
ArO-CO-Me + OAc  ^ '  ArO-C-Me ------- -— > ArC“ + AOpO
Ir I-1  OAc
When ^ ^ ^ ^ 2 r e a c t io n s  do n o t c o n tr ib u te  to  c a t a ly s i s
o f  the h y d r o ly s is . The s t a b i l i t y  o f  the io n  ArO" v / i l l  in c r e a se  
w ith  th e  a c id i t y  o f  the phenol ArOH, and hence th e  m c le o p i i i l i c  
c a t a ly s i s  pathway w i l l  g a in  im portance, r e la t iv e  to  g en era l 
base c a ta ly s is *
Briody and S a tch e ll^ ^  Iiave found th a t  the n e u tr a l  
h y d r o ly s is  o f  dike te n  appears to  occur v ia  a cy l-o x y g en  f i s s i o n ,  
in  c o n tr a s t  w ith  o th er  ^ - la c to n e s ,  and i s  su b je c t  to  g en era l  
base c a t a ly s i s  by carb oxy la te  a n io n s . This same compound i s  
h yd ro lysed  by p y r id in e  (a  s tro n g er  base than the carb oxy la te  
an ion ) v ia  n u c le o p h il ic  c a ta ly s is *
i i )  C h a ra c ter iz a tio n  o f  g en era l base c a t a l y s i s .
The r a te s  o f  g en era l base c a ta ly se d  r e a c t io n s , a t  co n sta n t  
pH, are p ro p o r tio n a l to  the amount o f  base p resen t in  the  
s y s t e m * T h i s  property  i s  a ls o  found fo r  n u c le o p h il ic  and 
g e n e ra l a c id - s p e c i f i c  hydroxide io n  c a ta ly s e s ,  which are
k in e t i c a l ly  in d is t in g u is l ia b le  from g en era l base c a t a l y s i s .
P atai^^ has l i s t e d  the p r o p e r t ie s  which are u s u a lly
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c h a r a c t e r is t ic  o f  g en era l base ra th er  tlian n u c le o p h il ic  
c a t a l y s i s .
(a )  The deuterium  oxide so lv e n t  iso to p e  e f f e c t  ^/k^  ^ i s  
u s u a l ly  between 1 .9  and 4 .
As s ta te d  b efore  t h i s  e f f e c t  should bo tr e a te d  w ith  ca u tio n  
s in c e  some g en era l base c a ta ly se d  r e a c t io n s  are Icnovai which have 
o n ly  v ery  sm all iso to p e  e f f e c t s .  Jêncks^^ found th a t the  
c a ta ly s e d  a m in o ly s is  o f  phenyl a c e ta te  in  w ater i s  an example o f  
g en era l base c a t a ly s i s  a lthou gh  the r a te  i s  on ly  s l i g h t l y  
d ecreased  in  deuterium  o x id e . The n u c le o p h ilic  c a t a ly s i s  o f  the  
h y d r o ly s is  o f  phenyl a c e ta te  and £ -n itr o p h e n y l a c e ta te  by 
im idasole^ ^  and o f  a c e t ic  anhydride by form ate i o n s , i s  n o t 
d ecreased  s ig n i f i c a n t ly  in  deuterium  o x id e . However, the  
p y r id in e  c a ta ly s e d  h y d r o ly s is  o f  a c e t ic  anhydride i s  d ecreased  
in  deuterium  o x id e , a lth ou gh  t h i s  i s  an example o f  n u c le o p h il ic  
c a t a l y s i s .
(b ) The b a s ic i t y  r a th e r  than the n u c le o p h il ic i t y  determ ines the  
e f f e c t iv e n e s s  o f  the c a t a ly s t .
In  a r e a c t io n  which i s  known to  be g en era l base c a ta ly s e d ,  
such a s  the h y d r o ly s is  o f  e th y l d ic h io r o a c e ta to , im id azo le  and 
the phosphate d ia n io n , wiiich are o f  a lm ost equal b a s i c i t y ,  are  
e q u a lly  e f f e c t i v e  a s  c a t a ly s t s .  However, im id azo le  i s  some 
4000 tim es more r e a c t iv e  than the phosphate d ia n io n  a s  a
64n u c le o p h il ic  c a ta ly s t  f o r  the h y d r o ly s is  o f  p -n itr o p h en y l a c e ta te .^
(c )  In  n u c le o p h il ic  c a t a ly s i s  i t  should  be p o s s ib le  to  observe  
an in te im e d ia te , whereas in  g en era l base c a t a ly s i s  no such  
s p e c ie s  should  e x i s t .
The work o f  Gold and Butler^^ on th e  h y d r o ly s is  phenyl
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a c e ta t e s  has a lrea d y  been d isc u sse d  (page 2 6 ) .  S im ila r  work by 
Jencks^^ was undortoicen on the h y d r o ly s is  o f  e th y l  c li lo r o a c e ta te ,  
when a n i l in e  v;as added to  t h i s  system  no d ic h lo r o a c e ta n il id e  was 
produced from r e a c t io n  w ith  an in te rm e d ia te . With stro n g er  
b a se s , such a s  ammonia, th e  a c y l group was tr a n sfe r e d  to  form a 
s ta b le  p rod u ct.
In  1969, Jencks^^*^^ observed th e  a co ty lp y rid in iu m  io n ,  
which i s  formed a s  an in term ed ia te  in  th e  p y r id in e  c a ta ly se d  
h y d r o ly s is  o f  a c e t ic  anhydride in  w a ter . The r e a c t io n  
mechanism i s  g iv en  a s
h .  . kp
P y  +  A c g O  A o O "  +  A c P y   j? y  +  A c O H
+ H Y  k j j  
A o Y
T his in term ed ia te  was observed "try u l t r o v io l e t  sp ec tro sco p y , 
havin g  an a b so rp tio n  a t  280nm. I t  was a ls o  found th a t  the  
second order r a te  c o n sta n ts  fo r  the p y r id in e  c a ta ly s e d  
aoet^ rlation  o f  £ - to lu id in e  and £ -^ '^ s id in e  ?/ith  a c e t ic  anliydride, 
are the same a s  the second order r a te  co n sta n t found f o r  the  
prod u ction  o f  the acet^ripyridinium  io n . Furtherm ore, the r e a c t io n  
r a te  i s  independent o f  th e  c o n c en tr a tio n  o f  the a c y l a c c e p to r . 
These r e s u l t s  g iv e  a very  c le a r  in d ic a t io n  th a t the mechanism  
o f  p y r id in e  c a ta ly s e d  a c y l t r a n s fe r  p roceeds by the m echanism ;-
wr * AO,0 - ^ A O I V -
-d  ArïTîîp = k^(Py) (Ac^O) 
d F ^  -
The r a te  determ ining form ation  o f  the a cety lp y r id in iu m  io n
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i s  fo llo w ed  by rap id  r e a c t io n  w ith  the proton  acceptor* Other 
a s p e c ts  o f  t h i s  work are d isc u sse d  in  fo31ov/ing s e c t io n s .
(d ) Entropy o f  a c t iv a t io n .
I t  i s  u s u a lly  found w ith  g en era l base c a t a ly s i s ,  th a t  the  
entropy o f  a c t iv a t io n  i s  more n e g a t iv e , by about 20 e .u .  than  
in  n u c le o p h il ic  c a t a l y s i s .  T liis d if fe r e n c e  in  a c t iv a t io n  energy  
was su ggested  from the work o f  Gold e t  a l.^ ^  and o f  Bender and 
Neveuf"^ Schalegor and Long,^^ in  a review  on a c t iv a t io n  
e n tr o p ie s , s t a t e  th a t  13 e .u .  i s  a  reason ab le  v a lu e  f o r  the l o s s  
o f  entropy from the in c o ip o r a t io n  o f  a w ater m olecu le  in  the  
t r a n s i t io n  s t a t e .  However, i t  i s  s tr e s s e d , th a t t h i s  method o f  
d is t in g u is h in g  between mechanisms must be used w ith  c a u tio n , 
and in  co n ju n ctio n  w ith  o th er  m ethods.
(e )  The B rônsted equation*
The Brbnsted r e a c t io n  co n sta n t ^ i s  u s u a lly  o f  a  no m a l  
magnitude (around 0 . 5 ) f o r  g en era l base c a t a l y s i s ,  whereas f o r  
n u c le o p ii i l ic  c a t a l y s i s ,  a h ig lier  v a lu e  i s  o f te n  found . The 
Brbnsted c a t a ly s i s  l in e a r  f r e e  energy r e la t io n s i i ip  i s  o f  the  
form :-
k = GK^
o r  lo g  k = lo g  dr -  0  pEg
f o r  base c a t a ly s i s ,  v/here k i s  the c a t a ly t ic  r a te  c o n sta n t,  
K r e p r e se n ts  the s tr en g th  o f  the base and the c o n sta n ts  ^ and G 
depend on the nature o f  the R eaction» so lv e n t  and tem perature.
The e f f i c ie n c y  o f  g en era l base c a ta ly s t s  in c r e a s e s  w ith  
in c r e a s in g  base str en g th  o f  the c a t a ly s t .  V/hen lo g  k i s  p lo t t e d  
a g a in s t  pK  ^ fo r  a s e r ie s  o f  c a t a ly s t s ,  the s lo p e  o f  the s t r a ig h t  
l in e  (^) g iv e s  a measure o f  the s e n s i t i v i t y  o f  the r e a c t io n  to
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th e  s tr en g th  o f  the base c a t a ly s t .  The Brônsted eq u ation  i s  
obeyed in  the g en era l base c a ta ly se d  l iy d r o ly s is  o f  e th y l  
dich loroacetate ,^ "^  0 . 4 7 ) ,  and in  th a t  o f  ch lorom ethyl 
c lilo r o a c e ta te  (^= 0 . 4 2 ) .  T h is r e la t io n s h ip  between b a s ic i t y  and 
n u c le o p h i l ic i t y  i s  u s u a lly  found to  be l in e a r  fo r  a g iv en  c la s s  
o f  compounds, but may show marked d e v ia t io n s  f o r  d i f f e r e n t  ty p es  
o f  c o m p o u n d s . T h i s  i s  ex p ected , and th e se  c o r r e la t io n s  are  
b e s t  used  w ith  c a t a ly s t s  which are s tr u c tu r a lly  s im ila r .
I t  i s  n o t a t  f i r s t  obviou s why n u c le o p h il ic  c a t a ly s i s
70should  obey a r e la t io n s h ip  such a s  th a t  g iv en  by B rônsted .
The Brônsted r e la t io n ,  o r ig in a l ly  fo r  a c id  c a ta ly s e d  r e a c t io n s ,  
assum es a f r e e  energy r e la t io n s h ip  ^ e lec tro n  d on ation  (o r  
w ithdraw al) o f  groups in  any two d i f f e r e n t  s i t u a t io n s  e .g .  
io n is a t io n  and c a t a l y s i s .  A n u c le o p h il ic  r e a c t io n  in v o lv e s  the  
d on ation  o f  e le c tr o n s  from a n u c le o p h ile  to  a su b s tr a te , w ith  
p a r t ia l  bond fo im a tio n  in  th e  t r a n s i t io n  s t a t e  a s  in  scheme (1 4 ) .
N: + S :;=± N . . . . . S  (14)
Hence, a com parison o f  the energy req u ired  to  form the  
t r a n s i t io n  s t a t e  f o r  a s e r ie s  o f  d i f f e r e n t  n u c le o p h ile s  and 
s u b s tr a te s , v /ith  th e  energy o f  o th er  r a te  or  eq u ilib r iu m  
p r o c e s s e s , should  provide u s  w ith  a u s e fu l  in s ig h t  in to  the  
mechanism o f  r e a c t io n . B a s ic ity  i s  a measure o f  the tendency  
o f  a compound to  donate a p a ir  o f  e le c tr o n s  to  a proton  in  a  
p a r t ly  c o v a le n t , p a r t ly  io n ic  bond.
N: + ^  N-------- H (1 5 )
There i s  a d i s t i n c t  s im i la r i ty  between schemes (14) and (15)  
which in c lu d e s  the p a r t ia l  fo im a tio n  o f  a  p o s i t iv e  charge on th e  
n u c le o p h ile . Over a r e s t r ic t e d  b a s ic i t y  range th ere  i s  u s u a lly
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a good c o r r e la t io n  o f  b a s ic i t y  w ith  n u c le o p h i l ic i t y ,  but 
d if f e r e n t  c la s s e s  o f  compounds u s u a lly  f e l lo w  d i f f e r e n t  l i n e s ,  
a lth ou gh  the s lo p e s  remain eq u a l. The s lo p e s  o f  Brônsted p lo t s  
fo r  n u c le o p h il ic  r e a c t io n s  o f  rea g en ts  o f  a g iv en  chem ical c la s s  
u s u a lly  l i e  in  the range 0 ,7  -  0 .3 .  T his shows th a t  the  
dependency on b a s ic i t y  i s  la r g e  and th a t b a s ic i t y  i s  a good 
model f o r  th e  t r a n s i t io n  s t a t e .  A lso , i t  may be infejred th a t  a  
la r g e  amount o f  p o s i t iv e  charge i s  developed  on th e  a tta c k in g  
n u c le o p h ile  in  th e  t r a n s i t io n  s t a t e .  From th e se  d ed u ctio n s, th e  
t r a n s i t io n  s t a t e  f o r  n u c le o p ii i l ic  c a t a ly s i s  should  have the fo rm :-
0
+  I i
N C OR
/
( f )  S te r ic  e f f e c t s .
The s t e r i c  e f f e c t s  found in  exam ples o f  g en era l base
c a t a ly s i s  are o f  a moderate s i z e ,  whereas in  n u c le o p h il ic
c a t a l y s i s ,  th ey  are u s u a lly  la r g e .  Proton tr a n s fe r  in  the
t r a n s i t io n  s t a t e  o f  g en era l base c a t a ly s i s  i s  on ly  p a r t ia l ,  and
th e s t e r i c  bulk  o f  the c a ta ly s in g  base would on ly  be exp ected  to
s l i g h t l y  in c r e a se  the a c t iv a t io n  energy o f  the r e a c t io n .
However, in  n u c le o p h il ic  c a t a l y s i s ,  the base approaches the
r e a c t io n  cen tre  much more c lo s e ly  and th e  s t e r i c  bu lk  o f  the
72c a t a ly s t  produces a g r e a te r  e f f e c t  on the r a te  o f  r e a c t io n . '
In  1953, Gold found th a t  th e  h y d r o ly s is  o f  a c e t ic  anhydride in  
both  w ater and aqueous aceton e  s o lu t io n  was c a ta ly s e d  by p y r id in e ,  
3 -  and 4 -p i  c o l in e s  and i s o  q u in o lin e . I t  v/as a ls o  found th a t
2 - p ic o l in e ,  2 ,6 - lu t id in e  and q u in o lin e  were very  much l e s s  
e f f i c i e n t  in  t h i s  r e a c t io n  than t h e ir  b a s i c i t i e s  would su g g e s t .
The low  c a t a ly t i c  a b i l i t y  o f  the o (-su b s t itu te d  p y r id in e  b a ses  
cou ld  r e s u l t  from im p u r it ie s , the pure s t e r i c a l l y  h indered  base
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b e in g  n o n -r e a c t iv e . There are many known exam ples where the
r a te  c o n sta n ts  f o r  2 -p ic o l in e  and 2 ,6 - lu t id in e  f a l l  below the-
v a lu e  exp ected  from a Brônsted c a t a ly s i s  p lo t .  F eather and
Gold"^  ^ in  1965 in v e s t ig a te d  t h i s  e f f e c t  in  the p y r id in e
c a ta ly s e d  io d in a t io n  o f  k e to n e s .
In  the d c a c y la t io n  o f  a s c r ie s  o f  acyl-oc-chymotrypsins'^^
in  which the a c y l p o r tio n  was v a r ie d  w ith  r e sp e c t  to  the s t e r i c
bull: around the carbonyl group, a l in e a r  p lo t  o f  log(k^/l^Q) v s
E^, the T aft s t e r i c  e f f e c t s  c o n sta n t, was ob ta in ed  w ith  a s lo p e
o f  1 .1 .  A s im ila r  p lo t  o f  log(kj^j/k^v) v s  f o r  th e  im id azo le
n u c le o p h il ic  c a ta ly s e d  h y d r o ly s is  o f  a s e r ie s  o f  £ -n itr o p h e n y l
e s t e r s  showed more s e n s i t i v i t y  to  s t e r i c  h in d ran ce, w ith  a
75s lo p e  o f  1 .4 .  F i f e i n v e s t i g a t e d  th e  im id azo le  c a ta ly se d
h y d r o ly s is  o f  a s e r ie s  o f  e s t e r s  o f  N -a co ty lser in a m id e , which
had been proved in  e a r l i e r  woric, to  proceed v ia  g e n e ra l base 
58c a t a l y s i s .  A s lo p e  o f  0 .4 9  was rep orted  which i s  in  
accordance w ith  g en era l base c a t a ly s i s  and a t r a n s i t io n  s t a t e  
o f  the fo m
0
I! I




The l in e a r  fx*ee energy r e la t io n s h ip  used  was
lo g  k/k^ = + Eg +
where k^ i s  the r a te  con stan t f o r  the a c e ta te  e s t e r ,  cr*^* 
i s  the measure o f  the p o la r  e f f e c t  o f  th e  s u b s t itu e n ts  and E^ 
the resonance e f f e c t  oon stan t.^ ^  F urther d is c u s s io n  o f  t h i s  
su b je c t  i s  found in  S e c tio n  47»
i i i )  The r e a c t io n  m ech an ist o f  g en era l base c a t a l y s i s .
A ll  the data  p resen ted  fo r  n e u tr a l and g en era l base 
c a ta ly s e d  liy d r o ly s is  o f  ca rb o x y lic  e s t e r s  i s  in  agreement v /ith  
the r e a c tio n  mechanism (16).^^*^^
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( 1 6 )
(b)
This i s  an example o f  the B^^2 mechanism o f  a llc a lin e  e s t e r  
h y d r o ly s is , m od ified  so th a t  the a tta c k in g  s p e c ie s  i s  a w ater  
m olecu le  ra th er  than a hydroxide io n . The a d d it io n  o f  the  
v/ater m olecu le  to  the carbonyl group i s  c a ta ly se d  by the base B,
35
which in  n e u tr a l e s t e r  h y d r o ly s is  i s  a second w ater m o lecu le . 
From t h i s  mechanism i t  can be seen  th a t the ex p u ls io n  o f  the  
le a v in g  group i s  c a ta ly se d  by the g en era l a c id  HB***.
The s tr u c tu r e  o f  the t r a n s i t io n  s t a t e s  (a ) and (b) above
are by no means c e r ta in , w ith  r e sp e c t  to  bond fo im a tio n . Jencks  
and C arriuolo' 
g iv e n  b e lo w :-
57  ^ proposed the s ix  d i f f e r e n t  t r a n s i t io n  s t a t e s
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(Ib )  ^ ( I l b )  1^ ( I l l b )
( la )  and ( I l l b )  are s im ila r  to  (a ) and (b) in  the meclianism  
sequence. ( I l l a )  shows the a d d it io n  o f  a proton  to  th e  le a v in g  
a lc o h o l m o lecu le , which must fo llo w  a p rev io u s proton  removal 
from a w ater m olecu le  to  p reserve  the c o r r e c t  s to ic h io m e tr ic  
com p osition  o f  the t r a n s i t io n  s t a t e  and pH dependence o f  the  
r a te .  S tru ctu re  ( I I )  in v o lv e s  proton  tr a n s fe r  to  and from the  
carbonyl oxygen atom to  a id  hydroxide a d d it io n  to  th e  e s t e r  or  
a lk o x id e  e x p u ls io n  from an a d d it io n  in te r m e d ia te . S e r ie s  (a )  
and (b) vary on ly  in  w hether a more or l e s s  f u l l y  formed bond
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e x i s t s  between carbon and the a tta c k in g  w ater m o lecu le , i . e .  
w hether or n o t th ere  i s  form ation  o f  an in te im e d ia te  
tetrahedi^al a d d it io n  compound*
iv )  The r e a c t io n  meclianism o f  n u c le o p h il ic  c a t a l y s i s »
The r e a c t io n  meclianism fo r  n u c le o p h il ic  c a t a ly s i s  can be 
w r it te n  a s  in  eq u ation  (17 ).^ ^
R - C - Q R  g - " ^ R - G - 0 1 i  -  +  OR  ^ R - G - O H  +  ROH +  N ( 1 7 )
(a )
k I k, I ligO
+ N NW 4- i:h
I f  the in term ed ia te  (a )  i s  more s ta b le  than  th e  e s t e r ,  no 
h y d r o ly s is  w i l l  occu r. A lso , i f  s te p  5 i s  r a te  l im i t in g ,  the
n u c le o p h ile  i t s e l f  may a c t  a s  an in h ib it o r  to  h y d r o ly s is .  For
th e  r e a c t io n  to  be a t iu e  example o f  n u c le o p h il ic  c a t a l y s i s ,  
th e  in te im e d ia te  (a ) must r e a c t  f a s t e r  w ith  w ater than the e s te r .  
The methods by which a n u c le o p h il ic  c a t a ly s i s  may be 
d is t in g u is h e d  from g en era l base c a t a ly s i s  have a lrea d y  been  
d is c u sse d , a lth ou gh  a few  p o in ts  remain which h e lp  to  em phasize 
th e  im portance o f  u s in g  th e  c o l l e c t iv e  r e s u l t s  o f  a l l  th e se  
methods a s  opposed to  r e ly in g  on one or  two i s o la t e d  exam ples.
The deuterium  oxide iso to p e  e f f e c t  (kg^o/k^ q) fo r
n u c le o p h il ic  c a t a l y s i s ,  which does n o t co n ta in  a slow  r a te  
l im i t in g  proton  t r a n s fe r , should  be u n it y .  Some exam ples are  
known, however, where a secondary is o to p e  e f f e c t  p la y s  an
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im portant p a r t in  the mechnnism and produces an iso to p e  e f f e c t  
betw een 1 and 2 , Bender e t  found th a t  th e  h y d r o ly s is  o f
2 ,4—d in itr o p h en y l a c e ta te^  c a ta ly se d  by a c e ta te  io n s ,  i s  an 
example o f  n u c le o p h il ic  c a t a l y s i s ,  but the deuterium  iso to p e  
e f f e c t  gave a va lu e  o f  1 . 8 .  S im ila r  r e s u l t s  were ob ta in ed  fo r  
the h y d r o ly s is  o f  a s p ir in  (an  example o f  In tram olecu lar  
n u c le o p h il ic  c a t a ly s i s  by the ca rb o x y la te  io n ) .  These 
secondary deuterium  oxide e f f e c t s  may be c a lc u la te d  by assum ing  
a t r a n s i t io n  s t a t e  s tr u c tu r e  and u s in g  the method o f  Bunt on 
and S h iner.
v )  G eneral base c a ta ly se d  n u c le o p h il ic  c a t a l y s i s .
I t  i s  n o t alw ays p o s s ib ly  o r  n e c e ssa r y , to  d is t in g u is h
betw een g en era l base c a t a ly s i s  and n u c le o p h il ic  c a t a l y s i s .
E ith e r  o f  th o se  two p r o c e sse s  may bo c a r r ie d  out by a g iv en
su b sta n ce , v;hich, by d e f in i t io n  i s  a t  one and the same tim e
both  a n u c le o p h ile  and a g en era l b a se .
The im id azo le  c a ta ly se d  h y d r o ly s is  o f  £ -n itr o p h e n y l’
b en zo a tes , v /ith  e le c tr o n  withdraw ing s u b s t itu e n ts  in  the a c y l
82component, has been found by Jencks and Caplow to  co n ta in  a 
th ir d  order term in  the r a te  eq u a tio n . I t  was a ls o  found th a t  
t h i s  r e a c tio n  had an iso to p e  e f f e c t  o f  1 .8 1  and i t  v/as 
concluded to  be a g en era l base c a ta ly se d  n u c le o p h il ic  r e a c t io n  
betw een im id azo le  and e s t e r .  The n u c le o p h il ic  r e a c t io n  o f  
im id azo le  w ith  phenyl a c e ta te  i s  c a ta ly s e d  by the hydroxide io n  
which probably a c ts  a s a g en era l base c a t a ly s t .
v i )  G eneral base f f ^ l e o p h i l i c  c a t a ly s i s  in  n on -p o lar  
s o lv e n t s .
In I9 6 0 , Bender^^ com piled a rev iew  on the mechanisms o f
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c a t a l y s i s  o f m c le o p h i l ic  r e a c tio n s  o f ca rb o x y lic  a c id  
d e r iv a t iv e s .  Almost a l l  the r e a c tio n s  l i s t e d  d e a lt  w ith  r e a c t io n  
in  a p o la r  (u s u a lly  l%rciroxylic) medium* R e la t iv e ly  l i t t l e  
work has been done to  in v e s t ig a te  the general, base and n u c le o -  
p h i l i c  c a ta ly se d  r e a c tio n s  o f  carboxyl compounds in  n on -p o lar  
s o lv e n t s .
L itv in en ko and Kirichenko^^ stu d ied  th e  r e a c t io n  o f  
m -ch lo ro a n ilin e  v/ith  b en soy l c h lo r id e  in  benzene, u s in g  
s u b s t itu te d  p y r id in e  b a se s . The r e a c t io n  was found to  fo llo w  
th e  r a te  eq u ation
d x /d t = k^C a-xX b-x) + k^Ca-x) (b -x ) + k ^ (a -x ) (b -x )x .  
where a = BsCl and b = m-ClCgH^I^ and kg, kg and k^ are th e  
r a te  c o n sta n ts  o f  th e  n o n -ca ta ly se d , the c a ta ly se d  and the  
a u to c a ta ly se d  r e a c tio n s  r e s p e c t iv e ly .  The mechanism proposed  
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A p lo t  o f the Haamett^^ su b s t itu e n t  e f f e c t s  co n sta n t, o', 
a g a in s t  the logarith m  o f the r a te  co n sta n t, kg, g iv e s  a  s t r a ig h t  
l in e  w ith  a s lo p e  o f -3 .7 4 *  A BrOnsted c o r r e la t io n , co n stru c ted  
from th o se  r e s u l t s ,  sliows co n sid era b le  s c a t t e r  g iv in g  a va lu e
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o f  ^ = 0 ,46  ( ig n o r in g  kg fo r  the r e a c t io n  w ith  dim etliylam ino-
p y r id in e  which appears ra th er  h igk i). U su a lly , in  p o la r  m edia,
th e  fo m a t io n  o f  the n u c lo o p îii lic  in te n a e d ia tc  i s  the slow  ste p
fo llo w e d  by a rap id  r e a c tio n  w ith  the a c y l a c ce p tin g  m o lecu le .
The v a lu e  o f  ^ i s  low fo r  a n u c le o p h ilic  r e a c t io n , f a l l i n g  in
th e r eg io n  exp ected  fo r  g en era l base c a t a ly s i s .
The c a t a ly t i c  e f f e c t  o f  im id azo le  on the s o lv o ly s i s  o f
2 rn itro p h e n y l a c e ta te  has been in v e s t ig a te d  u s in g  v a r io u s  
P'j
s o lv e n t s ,   ^ In N ,If-dim etliylacetam ide and U ,I^dim ethylfoim am ide, 
which are stro n g  hydrogen bond a c ce p tin g  s o lv e n t s ,  the r e a c tio n  
v e l o c i t i e s  are la r g e .  However, v/hen on ly  wdek hydrogen bonds 
can be formed w ith  the so lv e n t  i . e .  aceton e and to trah yd rofu ran , 
th e  r e a c t io n  v e l o c i t i e s  are sm all* The mechanism was assumed 
to  proceed v ia  an a c y lim id a so le  in te rm e d ia te . I f  im id azo le  
were iiydrogen-bonded to  a hydrogen a c ce p to r , A, the r e a c t io n  
r a te  would be enhanced. I f ,  on the o th er  hand, im id azo le  a c t s  
a s  a hydrogen bond a ccep to r  to  HA then  th e  r a te  w i l l  be 
d ep ressed ,
TT - A — H -----IT-^— Ï1-----A %
J
When chloroform  was used  a s a s o lv e n t  the c a t a ly t i c  power 
o f  im id azo le  was p r o h ib ite d .
The m u tarota tion  o f  g lu c o se  has been stu d ied  in  benzene 
s o lu t io n , and a lthou gh  i t  i s  n o t a r e a c t io n  o f  a c a rb o x y lic  
a c id  d e r iv a t iv e ,  i t  i s  in t e r e s t in g  because o f  i t s  proposed  
r e a c t io n  meclianism, Swain and Brovm^^*^^ found th a t  the  
m u tarota tion  o f  2 ,3 # 4 |6 - te tr a m e th y l-g -g lu c o se  in  benzene gave
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tliG th ir d  order ra te  ex p ress io n
^ex = (k + k ' )  ( P y r id in e )( Phenol)
v;liere i s  the experim ental pseudo f i r s t  order ra te  
c o n sta n t, k and !:♦ are the ra te  c o n sta n ts  fo r  the forward and 
r ev e rse  r e a c t io n s . These workers in te r p r e te d  t h e ir  r e s u l t s  to  
mean th a t  t h i s  i s  an example o f  con certed  g en era l a c id —base  
c a t a l y s i s .  In  I9 6 0 , Pocker^^ proposed the a lte r n a t iv e  
mechanism o f  g en era l base c a t a ly s i s  loy a phenoxide io n  w it liin  
a pyridinlum -phenoxido io n  p a ir .
+  H O - < 0 >  —  < Q p  = 0 - ( 0 )
Qp
L ater work by Rony^ su g g es ts  th a t  the l a t t e r  mechanism i s  
c o r r e c t ,  but i t  i s  conceded th a t ,  owing to  the d i f f i c u l t y  in  
d is t in g u is h in g  between mechanisms w ith  the same t r a n s i t io n  
s t a t e  s to ic h io m e tr y , con certed  a c id -b a se  c a t a ly s i s  may s t i l l  
o ccu r ,
Bonner e t  o l,^^ * in v e s t ig a te d  the c a t a ly t i c  e f f e c t  o f  
p y r id in e  b a ses  on the a c é ty la t io n  o f  p h en o ls and a lc o h o ls  w ith  
a c e t y l  t r i f lu o r o a c e ta te  in  carbon te tr a c h lo r id e , £-C hlorophenol 
r e a c ts  v/ith  t h i s  unsym m etrical a c id  anliydride to  f o m , alm ost 
e x c lu s iv e ly  the a c e ta te ,  the r e a c tio n  b e in g  f i r s t  order in  both  
th e  phenol and the anhydride. R eaction  occurred a t  th e  a c e ta te  
carbonyl carbon f o r  two reason s 2 ( 1 ) th e  s t e r i c  hindrance  
a ffo rd ed  by the tr if lu o r o m e th y l group a t  the o th e r  end o f  th e  
m olecu le  and ( 2 .) the ease  w ith  which the t r i f lu o r o a c e ta te  io n  
can a c t  a s  a le a v in g  group compared w ith  the a c e ta te  io n .  
N e g le c tin g  th e se  p o in ts  one would su sp ect r e a c tio n  to  occur a t
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the more e le c t r o p h i l ic  carbonyl carbon n ex t to  th e  
tr if lu o r o m e th y l group,
'«Then p y r id in e  i s  added to  t h i s  system , th ere  i s  an 
in c re a se d  r a te  o f  r e a c t io n , accompanied by some tr if lu o r o a c e ta te  
p ro d u ctio n . This can be exp la in ed  by the in crea sed  
n u c le o p h il ic i t y  o f  the hydroxyl oxygen r e s u lt in g  from hydrogen 
bond form ation  v/ith  p y r id in e . Hence the bond breaking step  o f  
th e  a c y la t io n  becomes l e s s  im portant. The ra te  co n sta n t fo r  
t r i f lu o r o a c e t y la t io n  o f  £-chlo27ophenol i s  p ro p o r tio n a l to  the  
square o f  the base co n c en tr a tio n , the second p y r id in e  m olecu le  
probably s o lv a t in g  the le a v in g  a c e ta te  group,
V/hen a s o lu t io n  o f  phenol and a c e ty l  t r i f lu o r o a c e ta te  in  
carbon te tr a c h lo r id e  i s  shaken v /ith  an a lk a lin e  aqueous p h ase, 
th ere  i s  an immediate r e a c t io n  producing only  the t r i f lu o r o -  
a c e t a t e , P h e n o l  i s  p a r t ia l l y  converted  to  the phenate io n  in  
an aqueous a lk a lin e  medium and th e  r e a c t io n  w ith  a c e ty l  
t r i f lu o r o a c e ta te  probably occu rs v ia  t h i s  io n  in  the carbon  
te tr a c h lo r id e  phase or  a t  i t s  in te r fa c e  w ith  th e  aqueous medium. 
The two im portant fa c to r s  which seem to  deteim ine th e  e s t e r  
product are ( i )  the n u c le o p h il ic i t y  o f  the phenol and ( i i )  the  
natu re o f  the le a v in g  group. The phenate io n  i s  h ig h ly  
n u c le o p h il ic ,  ten d in g  to  m inim ise th e  e f f e c t  o f  th e  le a v in g  
group and hence r e a c t io n  proceeds a t  the more e le c t r o p h i l ic  
carbonyl carbon.
The t r i f lu o r o a c e t y la t io n  o f  hydroxy-compounds v/ith  
t r i f lu o r o a c e t ic  anhydride in  the presen ce  o f  p y r id in e  has been  
in v e s t ig a te d  in  carbon te tr a c h lo r id e ,^ ^  I t  \m s f e l t  th a t t h i s  
system  may proceed through a n u c le o p h il ic  c a t a l y s i s ,  and 
co m p etitiv e  r e a c t io n s  between £ - c r e s o l  and £ -ch lo ro p h en o l were
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c a r r ie d  out to  t e s t  t h i s  th eo ry . P yrid in e  was found to  be a
b e t t e r  c a t a ly s t  fo r  £ -ch lo ro p h en o l than fo r  £ - o r e s o l ,  which i s
in d ic a t iv e  o f  g en era l base ra th er  than n u c le o p li i l ic  c a t a l y s i s .
A cetic  anhydride and ph eh ols do n o t r e a c t  a lon e  in  carbon
te tr a c h lo r id e ,  a lthough  a lc o h o ls  are a c e ty la te d  a t  a m easureable  
Q7r a te .  * A c é ty la t io n  does occur when p y r id in e  i s  added to  the  
p h en o lic  s^^stem and the r e a c tio n  i s  f i r s t  order in  the p h en ol.
The r e a c tio n  v e lo c i t y ,  when c a rr ie d  out a t  0^, i s  observed to  
reach a l im it in g  va lu e  a s  the p y r id in e  c o n cen tra tio n  i s  
in c r e a se d . S im ila r  r e s u l t s  are ob ta in ed  a t  2 5 ° . As the p y r id in e  
co n cen tra tio n  i s  in c re a se d , the degree o f  hydrogen bonding  
between the p y r id in e  and phenol in c r e a s e s  u n t i l ,  when the  
l im it in g  r a te  v e lo c i t y  i s  reached , a l l  the phenol i s  com plexed.
A p a r a lle lis sn  between the p ercentage hydrogen-bonded sp e c ie s  
and the r a te  c o n sta n ts  i s  observed f o r  the r e a c t io n  o f  
£ -ch lo ro p h en o l w ith  a c e t ic  anhydride in  the presen ce  o f  p y r id in e  
a t  0 ° .  F igu res i l l u s t r a t i n g  t h i s  im portant o b serv a tio n  are  
g iv e n  b e l 07/.
P yrid in e  (x  lO^M) 0 .5  1 .0  2 ,0  3 .0  4 ,0
Hydrogen-bonded foim  (^) 32 54 76 34 90
10^ k (Bee“^) 1 ,5  2 .0  2 ,65  3 .0 3  3 .25
Part o f  t h i s  t h e s i s  co n tin u es  the in v e s t ig a t io n  o f  the  
r e a c t io n  o f  liydroxy-compounds w ith  anhydrides in  carbon  
t e t r a c h lo r id e .
SECTION 2 . ECTERIMËiraAI.
A. M aterf-als .
S o lvon tg .
Carbon t e t r a c h lo r id e .
*’AnalaR” B.D.H# carbon te tr a c h lo r id e  was a llow ed  to  stand  
over calcium  hydroxide fo r  12 hours and then  f r a c t io n a l ly  
d is t i l lG d  b . p .  77° .
T oluene.
”AnalaR” B.D.H. to lu en e  was s to r ed  over calcium  ch lo r id e  
f o r  24 hours and then  f r a c t io n a l ly  d i s t i l l e d  b .p . 1 1 1 ° .
Water.
D e -io n iz e d , d i s t i l l e d  v/ater v/as used  a s th e  r e a c t io n  
so lv e n t .
Chloroform.
”AnalaR** Hopkin and W illiam s ch lorofo im  used  w ithout  
fu r th e r  p u r i f ic a t io n .
P h en o ls , 
m- Bromophenol.
Koch^Light ^brom ophenol v/as r e d i s t i l l e d ,  b .p . 2 3 2 -2 3 4 °.
£ - Bromophenol.
Ji.h.H. Laboratory Reagent’» £-bromophenol was r a d i s t i l l e d ,  
■b.p. 23 8 -2 3 9 °. 
mj-Chlorophenol.
B.B.H. **Laboratory Reagent" ^ c h lo r o p h e n o l was r e d i s t i l l e d ,  
b .p . 2 1 4 ° .
£-C h loroph en ol.
B.D.H. "Laboratoiy Reagent" £-chLorophenol was r e d i s t i l l e d ,  
b .p . 219° .
£ -C r e s o l.
B.B.H. "Laboratory Reagent £ - c r e s o l  was r e d i s t i l l e d  b .p . 201?
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a -F lu orop h en o l#
Ko dale oj-fluorophenol v/as used  w ith ou t fu r th e r  p u r if ic a t io n ; , 
£-F lu orop henol •
Eastman £ -flu o r o p h e n o l v/as r e d i s t i l l e d ,  b.p* 184—136®, 
£-U ethoxyp henol,
Kooli/-Light £-me thoxyphenol v/as re c r y s t a l l i s e d  from carbon  
t e t r a c h lo r id e , m .p. 54- 55®,
£ -N itro p h e n o l.
B.D.K, "Laboratory Reagent" 0—n itro p h en o l v/as x’e c r y s t a l l i s e d  
from e th a n o l, m .p. 45-46® .
N itrop h en o l.
B.D.K. "Laboratory Reagent" m -n itrop henol was re c r y s t a l l i s e d  
from chL oiofoim , m .p. 94- 9 5 ®,
£ -N itro p h e n o l•
B.B.H. "Laboratory Reagent" ^ -n itro p h en o l was re c r y s t a l l i s e d  
from to lu e n e , m .p. 113- 114®.
P henol.
"AnalaR" B.D.K. phenol was r e d i s t i l l e d ,  b .p . I 8O -I8I®. 
m-Ni tro p h en o l-d .
^ N itr o p h e n o l ( I g )  was d is s o lv e d  in  deuterium  ox ide (25g) 
in  a stoppered  f la s k .  Warming was req u ired  to  com p lete ly  
d is s o lv e  the ph en ol, and th en  the s o lu t io n  v/as l e f t  fo r  12  hours
a t  room tem perature. On c o o lin g  the s o lu t io n  to  9^ phenol
v/as p r e c ip ita te d  and the w ater decanted o f f  in  a "dry box". The
c r y s t a l s  were fr e e z e  d r ie d . The procedure v/as rep eated  and the
phenol r e c r y s t a l l i s e d  from chloroform . An in fr a r e d  spectrum o f  
th e  phenol in  carbon te tr a c h lo r id e  showed one a b so rp tio n  a t  
3611  om“"^  (due to  the hydroxyl s tr e tc h in g  in  ^ n itr o p h e n o l)  and
an oth er  a t  2670 cm {due to  the OD s tr e tc h in g  in  m -n itro p h e n o l-d ).
I
The product was found to  he 71*4# d eu tera ted  by the u su a l ;
in fr a r e d  method (see t h i s  S e c tio n , D ), m .p. 96®,
A lc o h o ls . j
E th an o l.
Magnesium tu rn in g s (5 g , c le a n  and dry) and io d in e  (0 .5 g )  
were p laced  in  a round bottomed f la s k  to g e th e r  w ith  99^ e th an o l 
(75 cm^). The m ixture was warmed u n t i l  the io d in e  had 
d isap p eared . H eating v/as then  continued  u n t i l  a l l  the magnesium I
was con verted  to  magnesium e th y la t e .  A bsolute e th a n o l (900 cm^) 
was then  added and the m ixture r e flu x e d  f o r  30 m in u tes. The 
a lc o h o l was th en  d i s t i l l e d  d ir e c t ly  in to  a sto ra g e  c o n ta in e r , *
b .p . 78* .
£-M ethoxybenzyl a lc o h o l.
K och-Light o-m ethoxybenzyl a lc o h o l v/as r e d i s t i l l e d  under  
reduced p r e ssu r e , b .p . 86-90® /0 .5  mm Hg.
£-M ethoxybenzyl a lc o h o l .
K och-Light £-m ethoxybenzyl a lc o h o l was r e d i s t i l l e d  under  
reduced p r e ssu r e , b .p . 8 l-8 5 ® /0 .0 5  mm Hg.
2-P henyle th an o l •
Eastman 2 -p h en y leth an o l was used  w ithout fu r th e r  p u r i f ic a t io n .
3 -P h e n y l-l-p r o p a n o l.
A ld r ich  3 -p h en y l-l-p ro p a n o l was r e d i s t i l l e d ,  b .p . 235®.
2 -  ( 2-Py r id y l  ) e tlian o l •
A ld rich  2 - (2 -p y r id y l)  e th an o l was r e d i s t i l l e d  under reduced  
p r e ssu r e , b .p . 62-64® /0 .05  mm Hg.
3 -  ( 2-Py l i d y l  ) - l-p r o p a n o l.
Emanuel 3-  ( 2-p y r id y l  ) - l-p r o p a n e l was r e d i s t i l l e d  under 
reduced p r e ssu re , b .p . 92-94® /0 .2  mm Hg.
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3 -  ( 4 -P y r id y l ) - l-p r o p a n o l •
Merck 3 - (4 - p y r id y l)—1-p rop an ol was u sed  w ith ou t fu r th e r  
p u r i f i c a t io n .
A cid anh;s,^drideo.
A c e t ic  an h ydride.
"AnalaR" B.D.H. a c e t i c  anhydride was r e d i s t i l l e d ,  
b .p .  1 3 3 -1 3 3 ° .
B enzoic anh yd rid e.
B.D.II. "Laboratory Reagent" b en zo ic  anhydride was 
r e c r y s t a l l i s e d  from petroleum, e th e r , m .p . 40®.
Is o b u ty r ic  an liydride.
K och-Light iso b u tjrr ic  anhydride was r e d i s t i l l e d ,  b .p .  
1 7 9 -1 8 1 ° ,
P iv a l ic  an h yd rid e.
B.D.H. "Laboratory Reagent" p iv a l i c  anhydride was 
r e d i s t i l l e d ,  b .p .  190®.
P ro p io n ic  anh yd rid e.
B.D.H. "Laboratory Reagent" p r o p io n ic  anhydride was 
r e d i s t i l l e d ,  b .p ,  1 6 8 ° .
T i i f lu o r o a c e t ic  < anh ydride.
K och-L ight t r i f lu o r o a c e t ic  anhydride was p la c ed  in  a round 
bottom ed f la s l :  c o n ta in in g  phosphorus p e n to x id e . T his f la s k  v/as 
th en  a tta ch ed  to  a vacuum system  and a llov /ed  to  stan d  fo r  
app roxim ately  30 m inu tes b e fo re  b e in g  ev acu ated . The 
t r i f lu o r o a c e t ic  anhydride was th en  d i s t i l l e d  v ery  s lo v /ly  a t  
0 .1  mm Hg in to  a w eighed f la s k  immersed in  l iq u id  n itr o g e n .
The second f la s lc  was p rov id ed  w ith  a tap so th a t  i t  cou ld  be 
p e r io d ic a l ly  removed from th e system  and w eighed . When the  
req u ired  amount o f  t r i f lu o r o a c e t ic  anhydride had been
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tr a n s fe r r e d , th e  c o l l e c t i n g  v e s s e l  was p la ced  in  a "dry box" 
and th e  anhydride used  a s  coon a s  p o s s ib le .  S o lu t io n s  o f  t h i s  
anhydride in  carbon te tr a c h lo r id e  were alv/ays made up to  the  
mark in  a "dry box".
A c e ty l t r i f lu o r o a c e t a t e .
A cety l tr i:n .u o r o a c e ta te  was prepared by tr a n s fe r r in g  a  
Imown amount o f  t r i f lu o r o a c e t ic  anhydride in to  a c o l l e c t in g  
v e s s e l  a s  above and th en  in to  a "dry box". A s o lu t io n  was th en  
made up in  carbon te t r a c h lo r id e  and to  t h i s  was added an 
equim olar s o lu t io n  o f  a c e t i c  a n liy d iid e . T h is s o lu t io n  was l e f t  
f o r  a t  l e a s t  one week. During t h i s  p er io d  the in fr a r e d  
a b so rp tio n  bands a t  1760  and 1820  cm"^ due to  a c e t i c  anhydride  
and th o se  a t  1800 and 1860  cm“^ due to  t r i f lu o r o a c e t ic  an liydride, 
were slov /ly  re%)laced by bands a t  1780  and 1850 cm“^ due to  
a c e t y l  t i i f l u o r o a c e t a t o .  V/hen th e se  changes were com plete th e  
a c e t y l  t r i f lu o r o a c e t a t e  s o lu t io n  v/as ready f o r  u se  in  th e  
quencliing p roced u re.
A c id s .
A c e t ic  a c id .
"AnalaR" B.D.H . a c e t i c  a c id  was r e d i s t i l l e d ,  b .p . 118®. 
P iv a l i c  a c id .
B.D.H, "Laboratory Reagent" p iv a l i c  a c id  was u sed  w ith ou t
fu r th e r  p u r i f ic a t io n .
P y r id in e  b a s e s .
3-3rom opyrid ine •
K och-L ight 3-brom opyridine v/as u sed  w ith ou t fu r th e r
p u r i f i c a t io n .
2 ,4  ,.6- C o l l id in e  •
B.D.H. "Laboratory Reagent" 2 ,4 ,6 - c o l l i d i n e  was used
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v/itlaout fu r th e r  p u r i f ic a t io n .  '
4 -D im eth y lam iu op yrid in e. * ^
Emanuel 4-d im etliy lam in op yrid in e  v/as r e c r y s t a l l i s e d  from  
l i g r o i n ,  m .p, 110-111®,
2-Dime th y la m in o p y r id in e .
Emanuel 2 - d im ethylam inopyrid ine was u sed  w ith ou t fu r th e r  
p u r i f ic a t io n .  ■
3 -E th y lp y r id in o .
Eoch-rliigîit • 3 * th y lx :y r id in e  v/as r e d i s t i l l e d ,  b .p . 165®#
4 -E t liy lp y r id in e . •
K och-L ight 4 -e th y lp y r id in e  v/as r e d i s t i l l e d ,  b .p , 167®#
2 , 6 -L u tid in e ,
B.D.H. "Laboratory’' Reagent" 2 ,6 - lu t id in c  (200g) was warmed 
w ith  u rea  (30g ) and v/ater (25 cm^) to  80®# ; The w h ite  
c r y s t a l l in e  complex formed was f i l t e r e d  o f f  and wasiied r a p id ly  
v /ith  w a ter . The cry^stals were added to  w ater  (130 cm^) and th e  
a seo tro p e  d i s t i l l e d ^ a t  96®. S o lid  sodium hydroxide was added to  
th e  a seo tro p e  and 2 , 6-^ lu tid in e se p a r a ted . The 2 , 6 - lu t id in e  was 
f r a c t io n a l ly  d i s t i l l e d  o v er  s o l id  sodium hydroxide and the  
f r a c t io n  c o l l e c t e d  a t  141®# The procedure was r ep ea ted , - 
b .p . 141®.
3 . 4 -L u tid in e  • 
Emanuel
3 .5 -L u t id in e .
 3 ,4—lu t id in e  m s  r e d i s t i l l e d ,  b .p . 164®,
" Emanuel 3 ,5 - lu t id in e  v/as r e d i s t i l l e d ,  b .p . 170-171®#
2 - P ic o l in e .
B.D.H. "Laboratory Reagent" 2 -p ic o l in o  was r e d i s t i l l e d ,  
b :p ; 1 2 8 ° .
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3 - P ic o l in e .
A ld r ich  3 -p ic o l in o  was r e d i s t i l l e d ,  b .p . 144®.
4 - P ic o l i i i e .
K och-L iglit 4 -p ic o l in o  was r e d i s t i l l e d ,  b .p . 145®. 
P y r i d i n e .
" A n a la R "  B .D .H , p y r i d i n e  w a s  r e d i s t i l l e d ,  b . p .  113-115® , 
a n d  s t o r e d  o v e r  p o t a s s i u m  h y d r o x i d e .
i  so -B utylam ine .
B.D.H . "Laboratory Reagent" is o -b u ty lam ine was used  
wi^thout fu r th e r  p u r i f ic a t io n .
Im id a zo le .
B.D.H . "Laboratory Reagent® im id a zo le  was r e c r y s t a l l i s e d  
tw ic e  from carbon t e t r a c h lo r id e ,  m .p. 3 8 .5 -8 9 .5 ® .
2-Me th y lim id a z o le  .
B.D .H . "Laboratory Reagent" 2 -m eth y lim id azo le  was used  
w ith o u t fu r th e r  p u r i f ic a t io n .
T r ie th y len ed ia m in e .
B.D.H . "Laboratory Reagent" tr ie th y le n e d io m in e  was u sed  
w ith ou t fu r th e r  p u r i f ic a t io n .
1 , 8 - 3 i s -  ( dime tliylam ino ) naphthalene .
Emanuel 1 , 3 - b i s - (  d im ethylam ino)naphthalene was 
r e c r y s t a l l i s e d  from carbon t e t r a c h lo r id e ,  m .p. 47-48® . 
M e sity le n e .
B.D.H . "Laboratory Reagent" m e s ity le n e  v/as r e d i s t i l l e d ,  
b .p ,  1 5 4 -1 6 5 ° . 
m^Xylene.
B.D.H. "Laboratory Reagent" ^ x y le n e  was r e d i s t i l l e d ,  
b .p .  1 4 0 ° .
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Durone •
B.D.H. "Laboratory Reagent" dnrene v/as u sed  w ith ou t fu r th e r  
p u r i f i c a t io n .
£ -D ich lo ro b en se n e .
B.D.H. "Laboratory Reagent" £ -d ic iilo ro b en zen e  was 
r o c r y s ta l l is G d  from petroleum  e th e r , m .p. 53®.
U u in o lin e .
B.D.H. "Laboratory Reagent" q u in o lin e  was r e d i s t i l l e d ,  
b .p . 2 3 7 ° .
Magnesium su lp h ate*
B.D.H. "Laboratory Reagent" magnesium su lp h a te  (d r ie d ) was 
u sed  d ir e c t ly .
P otassium  hydrogen carb on ate .
"AnalaR" B.D.H. p otassium  hydrogen carbonate was used  
d i r e c t ly .
ÎGtrahexylammo’iiu n  b en zo a te .
F resh ly  p r e c ip ita te d  s i l v e r  ox id e  (17#4g) v/as added, in  
s e v e r a l  p o r t io n s , v /ith  pro longed  sh ak in g , to  a s o lu t io n  o f  
tetraliexyla/am oniiim  io d id e  (Kodak, 1 2 .4g) in  m ethanol-v/ater  
(80 : 2 0 ) .  To ensure com plète r e a c t io n , t h i s  m ixture was shaken  
f o r  one hour, and th en  f i l t e r e d .  The hydroxide s o lu t io n  was th en  
n e u tr a l is e d  w ith  b en zo ic  a c id , u s in g  B.D.H. pH paper (7 - 3 .5 )  a s  
in d ic a to r .  The so lv e n t  was evaporated  o f f  a t  about 12® u s in g  
a ro ta r y  ev a p o ra to r . The r e s u l t in g  y e llo w  o i l  was d r ied  i n  a  
vacuum d e s ic c a to r ,  under reduced p r e ssu r e , over  phosphorus 
p en to x id e  f o r  s e v e r a l d ays. A fte r  approxim ately  s i x  months 
sta n d in g  t h i s  m a te r ia l c r y s t a l l i s e d .  No im p u r it ie s  cou ld  be 
d e te c te d  u s in g  th in  la y e r  or  g a s l iq u id  chromatography. Elem ent
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a n a l y s i s  g a v e ;  C , 7 5 , 0 0 ;  H , 1 2 . 1 5 ;  N , 2 . 9 3 ,
®31^‘5 7 ^ *  r s q v d r a s a  C , 7 6 , 8 0 ;  H , 1 2 , 0 6 ;  H , 2 . 9 3 .
T h e  l a s t  t r a c e s  o f  m t o r  a r e  d i f f i c u l t  t o  r o n o v o .^ ^ ®
B o to r o #
2 - C h l o r o p h e n y l  a c e t a t e .
I c o  ( 4 4 g )  a n d  a c e t i c  a n h y d r i d e  ( 8  w e re  a d d e d  t o  a  
o o l u t i o n  o f  £ ^ h l o r o p h e n o l  ( 6 g )  i n  lOvt o c iu e o u a  o o d iu m  h y d r o x i d e  
( 4 0  CQ®)« T h io  m i x t u r e  w a e  e h a k o n  f o r  f i v e  m i n u t é e ,  c a r b o n  
t e t r a c h l o r i d e  w oo a d d e d  a n d  t h e  o r g a n i c  l a y e r  e e p o r a t o d .  T l i i s  
\m s  w ao h o d  t w i c e  v / i t h  s a t u r a t e d  a q u e o u s  p o t a s s i u m  h y d r o # #  
c a r b o n a t e ,  o n c e  v / i t h  w a t e r *  a n d  t h e n  d r i e d  o v e r  m a g n e s iu m  
s u l p h a t e #  T he  s o l u t i o n  w a s  t h e n  f r a c t i o n a l l y  d i s t i l l e d  a n d  t h e  
f r a c t i o n  c o l l e c t e d  a t  2 2 3 ^ 2 3 0 * #
T he f o l l o w i n g  a c e t a t e s  w e r e  p r e p a r e d  i n  a  s i m i l a r  m a n n e r  t -  
£ - D r o m o p h e n y l  a c e t a t e  b .p #  2 3 8 -2 3 9 ® *
£ - C r e c y l  a c e t a t e  b . p .  2 1 2 -2 1 4 ® *
£ - F l u o r o p b e n y l  a c e t a t e  b .p #  1 9 2 * .
£ - M o th o x y p h e n y l  a c e t a t e  w a s  r o o r y s t a U i s o d  f ro m  c a r b o n  
t o t r a o h l o r i d o ,  m # p . 3 1 -3 2 ® #
o ^ N i t r o p h e n y l  a c e t a t e  w a s  r o c r y o t a l l i s e d  f r o m  p e t r o l e u m  e t h e r ,  
n , p ,  5 4 - 5 5 ° ,
K i s n y l  a o o t a t s  b . p .  1 9 2 - 1 9 3 ° .
£-C h loroph onyl t r i f lu o r o a c e ta te #
£ - C h l o r o p h e n o l  ( lO g )  a n d  t r i f l u o r o a c e t i c  a n h y d r i d e  ( 3 0 e )  
w e r e  r e f l u x e d  i n  t h o  p r e s e n c e  o f  s o d iu m  t r i f l u o r o a c e t a t e  ( 0 # 3 s )  
f o r  3 0  m i n u te s #  C a r b o n  t e t r a c h l o r i d e  (5  <aa^) w a s  a d d e d  a n d  t h e  
s o l u t i o n  w a s h e d  tv / i c o  w i t h  s a t u r a t e d  a q u e o u s  p o t a s s i u m  h y d r o g e n  
c a r b o n a t e  a n d  o n c e  w i t h  w a te r #  & o  s o l u t i o n  w oe t l i e n  
f r a c t i o n a l l y  d i s t i l l e d  a n d  t h e  f r a c t i o n  b o i l i n g  a t  1 3 1 -1 3 2 ®
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c o l l e c t e d .
The fo l lo w in g  t r i f lu o r o a c o t a t e c  were prepared in  a o im ila r  
manner
£~Dromophei%rl t r i f lu o r o a c e ta te  b .p . 196-198® .
Phenyl t r i f lu o r o a c e t a t e  b .p . 148®.
m -H itixjphenia tr if3 .u o r o a c e ta te  b .p . 233-235® ( t h i s  compound
was n o t v;cshod w ith  b ic a r b o n a te ) .
3 - (4 -P y r id y l) -1 -p r o p y l  a c e t a t e .
3 - (4-Pj’'r id y l)-1 -p r o p a n o l (30g) v/as added to  a  s o lu t io n  o f  
a c e t i c  anli^'dride (100 om^) and p y r id in e  (7 cm^) in  carbon  
te tr a c h lo r id o  and th e  m ixtura g e n t ly  r a flu x ed  f o r  10 h ou rs .
The s o lu t io n  was then  c o o le d  and washed v;ith sa tu ra te d  aqueous 
b icarb on ate  (200 cm^) fo llo w e d  by w ater (200 cm^). The organ ic  
pliase was th en  drn.ed over  magnesium su lp h a te , f i l t e r e d ,  and the  
s o lv e n t  removed by ro ta ry  ev a p o r a tio n . The r e s u l t in g  dark brown 
l iq u id  was f r a c t io n a l ly  d i s t i l l e d  under reduced p r e ssu r e . The 
f r a c t io n  b o i l in g  a t  120-121® /0 .4  mm Hg was c o l l e c t e d .
3- ( 2-I?2?T id ;^ l)-l-p rop yl a c e ta te  was prepared in  a s im ila r  manner, 
b .p . 9 5 -9 6 ® /0 .4  nm Hg.
3 -P h c n y l- l-p r o p y l a c e t a t e .
3-Phony1-1-propano1 (39g) v/as d is s o lv e d  in  g l a c i a l  a c e t i c  
a c id  (50 cm*^ ) and con cen tra ted  su lp h u r ic  a c id  added (l>cm ^).
T h is m ixture v/as g e n t ly  re f lu x e d  f o r  n in e  h ou rs. The s o lu t io n  
was c o o le d  and washed w ith  w ater (200 cm^), sa tu ra te d  aqueous 
b icarb on ate  (ICO cm^) and th en  w ater a g a in  (200 cm^). Tha 
rem aining l iq u id  was th en  d r ied  over  magnesium su lp lia te ,  
f i l t e r e d  and th en  f r a c t io n a l ly  d i s t i l l e d .  The f r a c t io n  b o i l in g  
a t  245-246® was c o l l e c t e d .
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Phenotli^/l a c e ta te  was prepared In  a s im ila r  manner, b .p . 224®. 
£-CiilorophGn;>*’l  b en zo a te .
£ -C h loroph en ol (3g ) v/as d is s o lv e d  in  10^ sodium hydroxide  
s o lu t io n  (45 cm*^ ) in  a 250 cm  ^ f la s k  f i t t e d  w ith  a cork sto p p e r . 
To t h i s  f la s k  was added b en zoyl c h lo r id e  (6  cm^), th e  cork  
f i t t e d ,  and th e  c o n te n ts  slialcen v ig o r o u s ly  f o r  15 m inutes#
S olid  e s te r  was f i l t e r e d  a t the pump and washed w ith ethanol. 
£-Chlorophenyl benzoate was recryota].lised  from ethanol, m.p# 87®. 
m-Nitrophc23yl p iv a la te .
A s o lu t io n  o f  n -n itr o p h e n o l (12g) i n  10^ sodium hydroxide  
(do cm^) v/as added to  a m ixture o f  p iv a l i c  anhydride (3 1 .5 g )  
and i c e  (9 0 g ) .  The m ixture was shalien f o r  5 m in u tes and carbon  
t e t r a c h lo r id e  (5 cm^) added. The p iv a la te  was f i l t e r e d  a t  the  
pump and washed se v e r a l t im es v/ith  c o ld  w a ter . I t  v/as then  
d is s o lv e d  in  c lilo ro fo im , d r ied  over  magnesium su lp h a te , f i l t e r e d  
and th en  th e  s o lv e n t  removed by r o ta ry  e v a p o r a tio n . The cream  
co lo u red  s o l id  was r a c r y s t a l l i s e d  from a c e to n e :w a te r  (3 0 :7 0 ) ,  
m .p . 8 2 -3 2 * 5 ° ,
^-Nitrophenj/l p iv a la te .
P iv a lo y l  c h lo r id e  (lO g , f r e s l i ly  d i s t i l l e d )  was added to  a  
s o lu t io n  o f  £ -n itr o p h e n o l (12g) in  anhydrous p y r id in e  (3 0 g ) .  
A fte r  th e  i n i t i a l  r e a c t io n  had su b sid ed , the m ixture was warmed 
f o r  10 m inu tes and th en  poured, v /ith  v ig o ro u s  s t i r r i n g ,  in to  
ic e d  w a ter . The r e s u l t in g  p r e c ip ita t e  v/as washed e x te n s iv e ly  
w ith  5'  ^ sodium carbonate and r o c r y s t a l l i s e d  tw ice  from e t lia n o l,
^#P# 93—95®#
E th y l a c e t a t e .
"AnalaR" s.D .H . e t l iy l  a c e ta te  was u sed  v /ithout fu r th e r  
p u r i f i c a t io n .
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3 , K in etip  oxp erim on ts.
R eaction  o f  a c e t ic  c-nliydridG w ith  hydgDaS^^Qmpounds in  carbon  
t e t r a c l i lo r id e .
Only g e n e r a l procedures are rep orted  in  t h i s  S e c t io n . Any 
changes in  th e  quenching or  a n a ly s is  tech n iq u es  are g iv e n  in  
S e c tio n  3 .
i )  In fra red  m easurem ents.
S p ectra  were recorded  on e i t h e r  a Perkin-E lm er 337 
In fra co rd  or a  P erkin-E lm er 257 sp ectrop h otom eter . Matched 1 mm 
and 5 nm p otassium  bromide c e l l s  were u sed , th e  r e fe r e n c e  b e in g  
f i l l e d  w ith  carbon t e t r a c h lo r id e .  The s l i t  c o n tr o l was s e t  
a t  N.
i i )  K in e tic  p roced ure.
V/hen a c e t i c  anhydride v/as r e a c te d  w ith  a  p h en o l, the  
fo llo v /in g  procedure was adopted* The r e a c t io n s  were u s u a lly  
c a r r ie d  out a t  25+0.05®, t h i s  tem peratare b e in g  o b ta in ed  by 
im m ersing th e  r e a c t io n  v e s s e l  in  a th e r m o s ta t ic a lly  c o n tr o lle d  
w ater  b a th . During v a r ia b le  tem perature experim en ts (S e c t io n  
3 A ( x i i i ) ) ,  a  c o o lin g  c o i l  was u sed , a tta ch ed  to  a C h u rcîiill  
c o o lin g  m achine. The tem perature o f  0® was ob ta in ed  by 
im m ersing tho r e a c t io n  v e s s e l  in  a Dewar f la s k  f i l l e d  w ith  
d i s t i l l e d  w ater  and pure i c e  a t  e q u ilib r iu m . An e r r o r  
undoubtedly a r i s e s  bocause th e  v o lu m etr ic  apparatus u sed  in  
t h i s  work had been c a lib r a te d  a t  20®. No attem pt was made to  
r e c a l ib r a t e  t h i s  apparatus a t  th e  tem perature o f  th e  k in e t ic  
ex p erim en ts. M olar ity  in s te a d  o f  m o la li ty  was u sed  tliroughout 
th e  work in tr o d u c in g  an oth er  e r r o r , but f o r  ea se  o f  c a lc u la t io n ,  
and adherence to  co n v en tio n , m o la r ity  v a lu e s  were r e ta in e d .
These e r r o r s  are u s u a lly  sm a ll. A lso , the c o n c lu s io n s  drawn
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from t h i s  work are m o stly  based on s e r i e s  tren d s and w i l l  s t i l l  
be v a l id  under more s tr in g e n t  exp erim en ta l c o n d it io n s . No 
c o n c lu s io n s  are dra\m from sm all r a te  d i f f e r e n c e s .
Reagent s o lu t io n s  were made up to  th e  mark a t  the  
tem perature o f  tho k in e t ic  experim ent, 30 m inutes b e in g  a llow ed  
f o r  the s o lu t io n s  to  a t t a in  th e im al e q u ilib r iu m . The r e a c t io n  
v e s s e l  v/as a 50 cm  ^ v o lu m etr ic  f l a s k ,  oven baked f o r  a t  l e a s t  
12 h ou rs. The v e s s e l  v/as c o o led  in  a d e s ic c a to r  c o n ta in in g  
ca lc iu m  c h lo r id e . D if fe r e n t  r e a c t io n  v e s s e l s  were used  in  
rep ea t k in e t ic  e:cperim ents. To i n i t i a t e  the r e a c t io n , a 2 cm  ^
a l iq u o t  o f  phenol s o lu t io n  was added to  a  s o lu t io n  o f  anliydride  
p lu s  any a d d it iv e .  A s to p c lo c k  was s ta r te d  when h a l f  the phenol 
s o lu t io n  had been d e l iv e r e d , and th e  r e a c t io n  m ixture slialcen 
thorough ly  a s  coon as p o s s ib le  a f t e r  i n i t i a t i o n .
A s o lu t io n  o f  phenol and a c e t ic  anh ydride, when shalcen w ith  
b icarb on ate  s o lu t io n ,  produces th e  a c e t a t e .  Hence, the r e a c t io n  
cannot be quenched by t h i s  method ( s e e  b e lo w ), VÜien a  phenol 
and a c e ty l  t r i f lu o r o a c e t a t e  s o lu t io n  i s  sliaken w ith  b icarb on ate  
o n ly  the t r i f lu o r o a c e t a t e  i s  produced and t h i s  i s  u sed  in  th e  
quenching p roced u re. 1 cm  ^ sam ples were removed a f t e r  measured  
tim e in t e r v a l s ,  and added to  a carbon t e tr a c h lo r id e  s o lu t io n  
o f  a c e ty l  t r i f lu o r o a c e t a t e  (4 cm^) and im m ediately  shaken w ith  
sa tu ra te d  aqueous potassium  b icarb on ate  (5 cm^). The anhydride  
i s  removed by h y d r o ly s is .  The organ ic  phase v/as th en  d r ied  
over  magnesium su lp h a te , f i l t e r e d ,  and the in fr a r e d  spectrum  
record ed  u s in g  5 mm c e l l s ,  
i i i )  Q u a n tita tiv e  a n a ly s i s .
The s o lu t io n  to  be a n a ly sed  w i l l  c o n ta in  a m ixture o f
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phenyl a c e ta te  and phenyl t r i f lu o r o a c e t a t e ,  t h e i r  added m o la r ity  
eq u a lin g  th a t  o f  th e  i n i t i a l  phenol (0 .0 1  M). Phenyl a c e ta t e s  
absorb in fr a r e d  l i g h t  a t  about 1780 cm*"^  w hereas th e  phenyl 
t r i f lu o r o a c o t a t e s  absorb around 1810 cm~^. Hence, a lth ou gh  the  
two a b so rp tio n  bands are r e s o lv e d , c o n s id er a b le  over lap  between  
them s t i l l  o c cu rs , A c a l ib r a t io n  curve v/as c o n str u c te d  from a  
m ixture o f  th e  two e s t e r s ,  tho t o t a l  m o la r ity  b e in g  0 .0 1  M.
A p lo t  o f  tra n sm ia sio n  ( o f  th e  a c e ta te  a t  1780 cnT^) a g a in s t  
m o la r ity  was a smooth curve from which the c o n c e n tr a tio n  o f  th e  
a c e ta te  cou ld  be deduced. None o f  th e  p y r id in e  b a s e s , or o th e r  
a d d it iv e s ,  u sed  in  t h i s  v/or?: a f f e c t e d  t h i s  method o f  a n a ly s is .  
However, th e  e s t e r  m ix tu res u sed  to  c o n s tr u c t  th e  c a l ib r a t io n  
curve were a f f e c t e d  by the quenching t e  clin iq ue, g iv in g  s l i g h t l y  
in c r e a se d  tra n sm iss io n  v a lu e s .  These v a lu e s  gave a more 
a ccu ra te  c a l ib r a t io n  cu rve, from which the a c e ta te  m o la r ity  in  
the r e a c t io n  mixt»jire cou ld  be deduced. A ll  th e  c a l ib r a t io n  
cu rv es u sed  were c o n str u c ted  from e s t e r s  v/hich had been  
su b je c te d  to  the quenching tec lin iq u e . U n less  s ta te d  o th e r w ise , 
a c a l ib r a t io n  curve was c o n str u c ted  se p a r a te ly  f o r  each  phenol 
u se d .
When a lc o h o ls  were r e a c te d  w ith  a c e t i c  anh ydride, the same 
k in e t i c  procedure was adopted a s  d e sc r ib e d  above. The quenching  
and a n a ly s is  t e  c lin iq ues were d i f f e r e n t .  A s o lu t io n  o f  a lc o h o l  
and a c e t ic  anhydride does n o t foim  any a c e ta te  when slialcen w ith  
b ic a rb o n a te , th u s making the quenching procedure more 
s tr a ig h tfo r w a r d . A 2 cm  ^ a l iq u o t  o f  r e a c t io n  m ixture was slialcen 
w ith  sa tu ra te d  aqueous b icarb on ate  and then  washed w ith  w ater . 
(20 cm^). The s o lu t io n  was th en  d r ied  over  magnesium su lp h a te .
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f i l t e r e d  and th e  in fr a r e d  spectrum  record ed . 1 mm c e l l s  were, 
used* The m o la r ity  o f  th e  a c e ta te  \m s detezm ined from a
I
p r e v io u s ly  o b ta in ed  c a l ib r a t io n  curve o f  the a c e ta te  a lo n e .
101Gabb in v e s t ig a te d  t h i s  a n a ly s is  tech n iq u e and found th a t  
th e  accuracy o b ta in ed  from the c a l ib r a t io n  cu rves v a r ie s  from  
15^ a t  low  e s t e r  m o la r ity  (0 .0 0 2  M) to  6^ a t  h ig h  e s t e r  m o la r ity  
(0 .0 0 8  M) on the £ -c îilo r o p h en y l a c e t a t e / t r i f lu o r o a c e t a t e  cu rv e . 
These e r r o r s  a ro se  from a 0 .0 2  v a r ia t io n  in  tra n sm itta n ce  v a lu e s .  
H ere, + 0 .0 1  tra n sm itta n ce  r e p r o d u c ib il i ty  was o b ta in ed , 
red u cin g  the e r r o r s  to  8% a t  low m o la r i t ie s  and 3^ a t  h igh  
m o la r i t ie s .  The a lk y l  a c e t a t e s  gave tra n sm itta n ce  
r e p r o d u c ib il i ty  to  + 0 .0 0 5 .
R eaction  o f  c a rb o x y lic  a c id  anJiydrides w ith  a -n itr o p h e n o l in  
carbon t e t r a c h lo r id e .
S atu rated  aqueous p otassium  b icarb on ate  does n o t r e a d ily  
h y d ro ly se  p iv a l i c  anhydride and, h en ce , cannot be u sed  to  remove 
t h i s  anhydride from th e r e a c t io n  m ix tu re . S tronger a lk a l in e  
s o lu t io n s  w i l l  remove th e  an liydride, but a ls o  ten d  to  h y d ro ly se  
th e  e s t e r  p rod u ct. S im ila r  o b se r v a tio n s  were made in  the  
p r o p io n ic  and is o b u ty r ic  anliydride sy stem s. To a v o id  t h i s  
d i f f i c u l t y ,  m -n itrop h en o l was u sed  in  th e se  r e a c t io n s ,  where the  
u n reacted  ^ n it r o p h e n o l  ( in  th e  f o m  o f  th e  m -n itrop h en ate  io n )  
can be d e te c te d  by v i s i b l e  sp ec tro sco p y ,
i )  V is ib le  m easurem ents.
V is ib le  sp e c tr a  were record ed  on a Perkin-E lm er 137 UV 
sp ectrop h otom eter . Matched 1 cm g la s s  c e l l s  were u sed , the  
r e fe r e n c e  c e l l  b e in g  f i l l e d  w ith  d i s t i l l e d  w a ter .
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i i )  K in e t ic  proceduro.
The sane exp erim en ta l procedure was c a r r ie d  o u t , a s  in  th e  
r e a c t io n s  w ith  a c e t ic  an h yd rid e. R ea ctio n s were i n i t i a t e d  by 
adding the c a t a ly s t  s o lu t io n  (2 cm^) to  th e  r e a c ta n t  s o lu t io n  
(20 cm^).
i i i )  (Q uantitative a n a ly s is  o f  sam ples. 
m -N itrophenol can be co m p lete ly  removed from carbon
te tr a c h lo r id e  by shaking w ith  w ater , and the m -n itrop h en ate  io n  
h as a very  d i s t i n c t  a b so rp tio n  in  the v i s i b l e  r e g io n  o f  the  
spectrum  a t  390 nm ( in  b icarb on ate  s o lu t io n ) .  A s t r a ig h t  l i n e  
c a l ib r a t io n  i s  ob ta in ed  by p lo t t in g  m -n itrop h en o l m o la r ity  in  
carbon to tr a c lx lo r id e  a g a in s t  absorbance a t  390 nm in  b icarb on ate  
s o lu t io n ,  a f t e r  shaking w ith  the phenol s o lu t io n  ( s e e  b e lo w ).
To quench a sample o f  r e a c t io n  m ixture a 1 cm  ^ a l iq u o t  was 
run in to  a 4 cm  ^ a l iq u o t  o f  w ater in  a se p a r a tin g  fu n n e l, and 
shaken f o r  one m in u te . One m inute was th en  a llo w ed  f o r  the two 
p h a ses to  sep a ra te  and th e  organ ic  phase*was th en  removed. A 
1 cm  ^ a l iq u o t  o f  sa tu ra te d  aqueous b icarb on ate  was th en  added 
and the r e s u l t in g  co lou red  s o lu t io n  f i l t e r e d .  * The v i s i b l e  
spectrum  was record ed .
C. C om petitive r e a c t io n s .  Product a n a ly s is  by gas l iq u id  
cliromat 0 graphy. 
i  ) Chromatographic m easurem ents.
Gas l iq u id  chromatograms were recorded  on a P erkin-E lm er  
P ractom eter m o d ified  w ith  a flam e io n i s a t io n  d e te c to r  and an a l l  
g la s s  column, (4 f t  x  4 mm). The s ta t io n a r y  pliase was A peison  K 
(5^ w/w) on c e l i t e ,  v /ith  n itr o g e n  a s  c a r r ie r  g a s . The peak  
a r ea s  on the chromatogram were measured w ith  a Kent chromalog
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in te g r a to r  or  by c u t t in g  out and w e i r i n g  the in d iv id u a l p eak s. 
These two m ethods gave id e n t ic a l  r e s u l t s .
i i ) K in e tic  proced ure.
All* r e a c t io n s  were c a r r ie d  out a t  0®, i n i t i a t i o n  b e in g  
ach iev ed  by adding th e  p y r id in e  s o lu t io n  (2 cmi )^ to  the r e a c ta n t  
s o lu t io n  (20 cm^) o f  £ -ch lo ro p h e n o l (0 .0 5  M), £ - c r e s o l  (0 .0 5  M),
and a c e t ic  anhydride (0 .0 5  M). No quenching procedure was u se d .
i i i )  Q u a n tita tiv e  a n a ly s is  o f  sam p les.
£ -C r e so l and £ r c r e s y l  a c e ta te  had equal r e te n t io n  tim es on
tho chromatography column, and t h e ir  combined peak cou ld  be u sed  
a s  an in te r n a l  r e fe r e n c e . The machine v/as c a lib r a te d  w ith  
s o lu t io n s  o f  £ - c r e s o l  and p -c r e s y l  a c e ta te  ( th e  combined m o la r ity  
o f  which e q u a lle d  0 .0 5  M) and £ -ch lo ro p h o n y l aceta te*#; A p lo t  
o f  th e  r a t io ,  area  o f  r e fe r e n c e  p ea k /a rea  o f  £ -c lilo ro p h en y l  
a c e ta te  peak a g a in s t  th e  £ -  c lilo  ro phenyl a c e ta te  m o la r ity , was a  
csnooth cu rve. Each peak a rea  was the average o f  th ree  rea d in g s  
from 2 , 2 .5  and 3:clO"^ i n j e c t io n s .  The r e p r o d u c ib il i ty  v/as 
good, g iv in g  th e  err o r  in  the c a lc u lâ t od a c e ta te  m o la r ity  a s  +2^.
D. A s s o c ia t io n  co n sta n t d e te im in a t io n s .
The hydro3:j’‘l  group fandem ental a b so rp tio n  in  th e  in fr a r e d  
r e g io n  o f  the spectrum  occu rs a t  about 3600 cm~^. This 
a b so rp tio n  band was u sed  to  c o n str u c t  a  B e e r 's  Law c o r r e la t io n  
f o r  the phenol or  a lc o h o l in  carbon t e t r a c h lo r id e ,  low  
m o la r i t ie s  b e in g  u sed  to  p reclu d e in t e m o le c u la r  hydrogen  
bonding. In fra red  sp e c tr a  were recorded  on a Perkin-E lm er 257 
sp ectrop h otom eter . T his c o r r e la t io n  was used  to  c a lc u la te  
d ir e c t ly  th e  p ercen tage  h^ ’^ drogen bonding in  th e  in tr a m o le c u la r ly  
liydrogen-bonded a lc o h o ls  (S e c t io n  3 , B ( i i ) ) .
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The a s s o c ia t io n  co n sta n t betw een a phenol and base was 
found by adding th e  base to  the phenol s o lu t io n  and n o tin g  the  
red u c tio n  i n  liyd roxyl band tran sm ittan ce*  T his was rep ea ted  a t  
l e a s t  5 t im es a t  d i f f e r e n t  base m o la r it ie s *  Assuming a 1 :1  
a s s o c ia t io n ,  th e  c o n c e n tr a tio n  o f  bydrogen-bonded complex was 
c a lc u la te d  from th e  c a l ib r a t io n  cu rv e , th u s e n a b lin g  the  
a s s o c ia t io n  c o n sta n t to  be deduced. T yp ica l r e s u l t s  are g iv en  
below .
^ a s s o c ia t io n
<0.0%) (10%) (eT^)
6 .9 4  3 .3  151
1 0 .4 0  3 .3  153
1 3 .8 7  . . .  3 .3  153
1 7 .3 4  3 .3  146
20 .8 0  3 .3  140
K = 149 + 9 ÎÎ^ 1
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SECTION 3 .  RESULTS
A# R eaction  o f  p lion o ls w ith  c a rb o x y lic  a c id  aziliydrides in  th e  
p resen ce  o f  b a s ic  c a t a l y s t s ,
i )  A c é ty la t io n  o f  p h en o ls w ith  a c e t i c  anhydride in  the  
p resen ce  o f  p y r id in e  in  carbon t e tr a c h lo r id e  a t  25®#
P henols (0 .0 1  M) do n o t r e a c t  w ith  a c e t ic  anliydride (0 .0 5  M) 
in  carbon t e t r a c h lo r id e ,  even  a f t e r  s e v e r a l w eeks, but when 
p y r id in e  i s  p r e sen t a r e a c t io n  does o ccu r . To i n i t i a t e  the  
r e a c t io n , a s o lu t io n  o f  th e  phenol (2  cm^) was added to  the  
m ixture o f  anhydride and p y r id in e  (20 cm^). A s to p c lo c k  was 
s ta r te d  when h a l f  th e  phenol s o lu t io n  liad been added, and when 
a d d it io n  was com p lete , th e  f la s k  was shaken v ig o r o u s ly . F ast  
a d d it io n  o f  th e  phenol was v i t a l ,  and to  o b ta in  s a t i s f a c t o r y  
k in e t i c  r e s u l t s ,  a  rap id  f lo w  p ip e t te  was u sed . A fte r  s u ita b le  
tim e in t e r v a ls  an a l iq u o t  (1  cm^) was removed and quenched.
The in fr a r e d  sp e c tr a  was record ed . From a p r e v io u s ly  ob ta in ed  
c a l ib r a t io n  curve the amount o f  a c e ta te  p r e sen t in  the r e a c t io n  
m ixture cou ld  be d e ten a in ed . A ll  the a c e ta te  p ro d u cts , ex cep t  
£ - bromophenyl a c e ta te  and ^ n itrop h en ^ d . a c e t a t e ,  were e st im a te d  
from th e c a l ib r a t io n  o f  £ -ch lo ro p h en y l a c e t a t e . £ - B r o m o p h e n y l  
a c e ta te  has two a b so rp tio n s  in  the fundam ental carb onyl r e g io n  
(1300-1600  cm~^) a t  1770 and 1780 cm'*^. Ac sep a ra te  c a l ib r a t io n  
curve was c o n str u c te d  f o r  t h i s  a c e ta t e .
m -N itrophenol i s  n o t very  so lu b le  in  carbon t e tr a c h lo r id e  
and so th e  c o n c e n tr a tio n  o f  t h i s  phenol was reduced to  0 .0 0 5  M 
in  the r e a c t io n  m ix tu re . The h ig h  r e a c t iv i t y  o f  m -n itrop h en ol 
a ls o  made i t  n e c essa ry  to  reduce the c o n c e n tr a tio n  o f  p y r id in e  
so th a t  the r e a c t io n  proceeded  a t  a m easurable r a t e .  S ince  
m ;-nitrophenyl t r i f lu o r o a c e t a t e  i s  h yd ro ly sed  by a sa tu ra te d
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aqueous s o lu t io n  o f  potassium  b ic a rb o n a te , i t  was a ls o  
n e c e ssa r y  to  change th e  quenching tec lm iq u e . A 2 cm  ^ sample 
was removed from tho ro auction m ixture and shaken w ith  w ater f o r  
one m inute to  remove u n reacted  m—n itr o p h e n o l. The organ ic  
phase was th en  sep arated  and shalcen f o r  one m inute w ith  
sa tu r a te d  aqueous potassium  b icarb on ate  and f i n a l l y  washed 
a g a in  w ith  v/ater f o r  one m inute. A fte r  d ry in g , th e  in fr a r e d  
spectrum  was record ed . Prom a c a l ib r a t io n  curve o f  m -n itr o -  
phenyl a c e ta te  the product c o n c en tr a tio n  cou ld  be e s t im a te d .
1 mm c o l l s  were u sed .
P rod u ction  o f  tho a c e ta te  fo llo w ed  %)seudo f i r s t  order  
k i n e t i c s  in  a l l  c a s e s .  I t  was u su a l to  fo llo w  a r e a c t io n  
betw een 20-80^^, a l l  r e a c t io n s  e v e n tu a lly  go in g  to  com p letion .
The pseudo f i r s t  order r a te  c o n sta n ts  wera determ ined by a  
g r a p h ic a l method ( p lo t t in g  lo g  a / ( a - x )  a g a in s t  t i n e ,  v iiere  
a  = i n i t i a l  c o n c e n tr a tio n  o f  phenol and x  = c o n c e n tr a tio n  o f  
a c e t a t e 5 the s lo p e  o f  t h i s  l i n e  g iv e s  th e  r a te  co n sta n t k^) and 
each  v a lu e  i s  the average from two k in e t i c  exp erim en ts. Rate 
c o n s ta n ts  wore rep ro d u c ib le  to  a lth ou gh  u s u a l ly  the
r e s u l t s  were b e t to r  than t h i s ,
Sliaking th e  r e a c t io n  v e s s e l  a f t e r  m ixing the r e a c ta n ts  d id  
n o t appear to  c r i t i c a l l y  a f f e c t  th e  r a te  c o n sta n t . R e su lts  f o f  
one p a ir  o f  experim en ts w ith  m-bromophenol are g iv e n  below in  
Table 3 :1  and i l l u s t r a t e d  in  F igure 1 .  In experim ent tv;o, th e  
r e a c t io n  m ixture was n o t shaken u n t i l  te n  secon ds a f t e r  a l l  th e  
phenol s o lu t io n  had been added and ,^ althou gii th ere  now appears  
to  be a s u b s ta n t ia l  in te r c e p t  on th e  o r d in a te , the s lo p e s  o f  th e  
two l i n e s  are v ery  s im ila r .  A summary o f  th e  r e s u l t s  ob ta in ed
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f o r  a l l  tbe p h en o ls  i s  g iv e n  in  Table 3 :2 .
R ea ctio n  o f  m-bromophenol (0 .0 1  M) w ith  a c e t ic  anhydride (0 .0 5  M)
in  th e  presen ce o f  p y r id in e  (0 .0 2  M).
Experim ent on e.
Time ( secon d s )xlO*^ M olarity  o f
2
a / ( a - x )  X 10
a c e ta te  x 10'“^
18 15 7 ,1
36 25 1 2 ,5
54 35 1 8 .7
72 41 2 2 .9
90 4 8 .5 2 8 .8
108 54 3 3 .7
132 61 .5 4 1 .5
162 70 5 2 .3
198 85 8 2 .4
k^ = 6 .9 7  % 10*"^  sec '-1 .
Experim ent tw o.
18 32 1 6 .8
3 1 .5 38 ,5 2 1 .1
45 44 2 5 .2
54 49 2 9 .2
64 .2 5 2 .5 3 2 .3
72 54 3 3 .7
99 62 ,5 4 2 .6
126 7 1 .5 5 4 .5
= 7 .2 3  X 10 sec -1
Average r a te  c o n sta n t k = 7*10 x  10“"^  sec - 1
F ig. 1 Reaction o f  m-bromophenol (O.OBi) with a c e t ic  anhydride (0.05M)
in  the presence o f  pyridine (0.02M) in  carbon te tra ch lo r id e  at 2$*'
0.3-




Time x 10  ^ (seconds)
■30
Fig. 2 Reaction between phenols (O.Oll/l) and a c e t ic  anhydride (0.05M) in










o f  Toheuola (0 .0 1  M) and a c e t ic  anhydride (0 .0 5  M) in. 
th e  p resen ce  o f  o y r id iiio .
Phenol
(sec~ ^ )
Ka s s o c ia t io n
(M -l)
i i l x o \
( sec" ^ )
£ - c r e s o l 1 .1 6 - 0 .1 5 3 3 .8 0 .3 2 8 3 .5 4
ph en ol 1 .9 8 0 4 6 .3 0 .3 9 8 4 .9 8
2 " flu o r o - 3 .4 5 + 0.17 6 9 .1 0 .4 8 3 7 .0 7
£ -c h lo r o - 5 .9 2 +0.27 1 1 2 .8 0 .6 0 2 9 .8 3
£-brom o- 4 .8 6 + 0.26 1 1 0 .0 0 .5 9 4 8 .1 9
m—c h lo r o - 6 .8 6 + 0.37 9 8 .9 0 .5 7 0 1 2 .0 3
2 ~bromo- 7 .1 0 +0.38 1 2 4 ,0 0 .6 2 1 1 1 .4 3
m -n itro -^ 1 7 .5 0 + 0.70 2 1 7 .7 - -
^ phenol c o n c e n tr a tio n  = 0 .0 0 5  M, p y r id in e  c o n c e n tr a tio n
0.01 M.
The a s s o c ia t io n  co n sta n t v a lu e s  are th o se  found by
n QO
D ierck x  e t  a l .  u s in g  the* in fr a r e d  tech n iq u e in  carbon  
t e t r a c h lo r id e  a t  27^. o-° v a lu e s  are th o se  g iv en  by T aftï^^
The Kaim ett r e a c t io n  c o n sta n t, ^ , was foun^ by p lo t t in g  lo g  
a g a in s t  cr®, to  be + 1.56  from the "b est f i t "  s t r a ig h t  l i n e ,
F igu re 2 . L east sq uares a n a ly s is  on t h i s  data  g iv e s  
^  = + 1 .52  0 ,0 3 ,  The u se  o f  R" and k^ i s  d is c u sse d  in  S e c t io n  4 ,
The in fr a r e d  spectrum  o f a  s o lu t io n  o f  phenol and p y r id in e  
e x h ib i t s  two a b so rp tio n  bands in  the fundam ental OH s tr e tc h in g  
r e g io n . The band a t  h ig h er  frequency i s  due to  the f r e e  OH 
group, whereas th e  broader and more in te n se  band a t  low er  
freq u en cy  can be a t tr ib u te d  to  the hydrogen-bonded OH group.
I t  was o f  i n t e r e s t  to  determ ine w hether any r e la t io n s h ip  e x i s t s  
betw een the r a te  co n sta n t a n d ( t h e  d if fe r e n c e  in  the tv/o
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a b so r p tio n  band fr e q u e n c ie s ) .  The same p y r id in e  and phenol 
s o lu t io n s ,  a s  used  in  the k in e t ic  exp erim en ts, were su b jec ted  to  
infraiNDcl, a n a ly s is  u s in g  a Perkin—Elmer 325 sp ectrop h otom eter .
The instrum ent s l i t  program was s e t  a t  5 , g a in  3 .5 0  and 
su ])p ression  1 0 . Matched 5 mm potassium  bromide c e l l s  were u sed , 
th e  r e fe r e n c e  c o l l  c o n ta in in g  an eq u al c o n c e n tr a tio n  o f  p y r id in e  
a s  in  the sample c e l l .  R e su lts , to g e th e r  w ith  l i t e r a t u r e  v a lu e s ,  
are g iv e n  in  Table 3 :3 .
TABLE 3:3
The d if fo r e n c o  in  fr e g u o n c io s , A \)^ , between the fr e e  and the  
hydrogonr-bonded hydroxyl groups in  carbon te tr a c h lo r id e  
s o lu t io n s  o f  p h en o ls (0 .0 1 1  M) and p y r id in e  (0 .0 2 2  M).
Phenol g ( t l i i s  work)  ^ ( l i t .  value)^^^
£ -c r e B o l 468 468-473
phenol 471 471
£ - f lu o r o -  487  489
£ -c h lo r o -  510 ’ 510
£-brom o- 510 ■ 511
m-bromo- -  517
m -ch loro - • -  525
I t  was very  d i f f i c u l t  to  determ ine the v a lu e  f o r  A^^ f o r  the  
com plexes in v o lv in g  m-bromo- and m -ch lorop h en ol. Agreement w ith  
l i t e r a t u r e  v a lu e s  f o r  th e se  two p h en o ls was n o t o b ta in ed , due to  
th e  d i f f i c u l t y  in  e s t im a tin g  th e  c en tr e  o f  the liydrogen-bonded  
hyd roxyl a b so r p tio n . Towards low er  fr e q u e n c ie s  th e  hydrogen- 
bonded a b so rp tio n  o f  the ^ c h lo r o p h e n o l/p y r id in e  complex shows 
c o n s id e r a b le  s tr u c tu r e  which masks the band c e n tr e , F igure 3#
Only an approxim ate v a lu e  can be found f o r  A^g# The m -n itro -
Fig. 3 Infrared Spectra. O.)
a
03
p -creso l (O.OIB:) with pyridine (0.022M).




m -nitrophenol (O.OKA) with 4 -p ic o lin e  (O .O lBî).
3000 25003700
- 1,Wavenumber (cm )
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ph en ol/4 ‘- p i c o l in e  complex g iv e s  a more extrem e example, showing 
w e ll  the d i f f i c u l t y  in  m easuring a s  the s tr en g th  o f  the  
hydrogen bond in c r e a s e s .  No c o r r e la t io n  was observed  between  
AOg and lo g  (o r  lo g  probably because o f  m 'rors in h eren t
in
i i )  R eaction  o f  i2f->chlorophenol (0 .0 1 1  M) v /ith  a c e t ic  anhydride  
(0 .0 5  M) in  th e  p resen ce  o f  s u b s t itu te d  p y r id in e  b a ses  
( 0 , 02 M) in  carbon te tr a c h lo r id e  a t  25^.
Fresh s o lu t io n s  o f  oych lorop h en o l, a c e t ic  anhydride and 
p y r id in e  were prepared and two r e a c t io n s  were fo llo w ed
k i n e t i c a l l y  to  g iv e  an average v a lu e  o f  th e  pseudo f i r s t  ord er
. = .  ..'-5  — -1er a te  co n sta n t = 5 ,9 3  x  10“* sec~  • ï h i s  v a lu e  i s  in  good
agreem ent w ith  th a t  found in  the p rev io u s experim ent. With th e  
o th e r  p y r id in e  b a ses th e  same f i r s t  order dependence in  the  
phenol m s  alvm^ys ob served . R e su lts  are g iv en  in  Table 3*4.
TABLE 3(4
Base pK  ^ r a te  co n sta n t x 10^
(sec**^)
p y r id in e 5 .2 0 5 ,9 3
3 -p ic o lln o 5 .65 1 7 .1
3 -e th y lp y r id in e 5 .6 5 2 1 .8
4 - p ic o l in e 6 ,0 0 34 .7
4 -e t liy lp y r id in e 6 .0 0 3 9 .7
3 , 4 - lu t id in e 6 ,4 6 9 9 .6
2 , 6 - lu t id in e 6 .7 3 0
2 -p ic o lin o 5 ,9 6 0
As ex p ected , the r e a c t io n  r a te  in c re a se d  a s  th e  b a s ic i t y  


















2 ,6 - lU ü id in e  are  n o t c a t a ly s t s  f o r  t h i s  r e a c t io n . A Brdnsted  
p lo t  (lo g a r ith m  o f  the r a te  co n sta n t a g a in s t  the base s tr e n g th  
o f  p y r id in e )  g iv e s  a  s a t i s f a c t o r y  s t r a ig h t  l in e  whoso s lo p e ,  
determ ined by l e a s t  squares a n a ly s is ,  i s  0 .9 3 ,  Ih ese  r e s u l t s  
are i l l u s t r a t e d  in  Figure' 4 ,  The v a lu e s  are  th o se  o f  
F eath er  and G old.^3
i i i )  R eaction  o f  iir-orepol (0 .0 1  M) w ith  a o etlA  m h v d rid e  (0 .0 5  I 
i n  the p resen ce  o f  p y r id in e  b a ses  (0#02 M) i n  carbon  
t e tr a c l i lo r id e  a t  2 5 ° .
The c a t a ly t i c  e f f e c t  o f  v a r io u s  p y r id in e  b a ses  on the  
r e a c t io n  betw een j2rC3?esol and a c e t ic  anhydride was in v e s t ig a te d  
and the r e s u l t s  are summarised in  Table 3 :5 .
TABLE 3:5
Base r a te  co n sta n t x 10^ (sec""^)
p y r id in e  1 .1 6
3 -p io o l in e  ' 3 .5 4
4 - p ic o l in e  6 .8 3
4 -  e thy  Ip y r id in e  7 .1 6
3 , 4 - lu t id in e  ' 1 5 ,2 0
2 , 6 - lu t id in e  0
A ll  th o se  r e a c t io n s  showed a f i r s t  order dependence in  th e  
phenol and a  Ba^nsted p lo t  gave ^ = 0 .3 5 .
i v ) R eaction  o f  Pz-chlorophenol (0 .0 1  M) w ith  a c e t i c  anhydrij^e 
(0 .0 5  M) in  the p resen ce  4 - n ic o l in e  in  carbon  
te tr a o lilo r id e  a t  25^.
Bonner and McNamara '^  ^ found t h a t ,  in  the r e a c t io n  o f  
£ -c lilo r o p h en o l (0 .0 1  M) w ith  a c e t ic  anhydride (0 .0 5  M) in  th e  
p resen ce  o f  p y r id in e  a t  0^, a l im i t in g  r a te  vjas reached a s  th e
7?
F ig . 5 R eaction o f  p-chlorophenol (O.Olî^) w ith a c e t ic  anhydride (O.O51O
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p y r id in e  c o n c en tr a tio n  was in c r e a se d . A s im ila r  r e s u l t  was 
found a t  25^ a lth ou gh  th e  l im it in g  r a te  v a lu e  was n o t reached . 
The e f f e c t  was ex p la in ed  by th e  com plete f o m a t io n  o f  the  
hydrogen-bonded s p e c ie s  betw een th e  phenol and p y r id in e  a t  th e  
h ig h er  base c o n c e n tr a t io n s . R e su lts  ob ta in ed  here w ith
4 -p ic o l in e  v e r i f y  th e se  e a r l i e r  r e s u l t s  and data  are g iv en  in  
Table 3 s6 . These r e s iil.ts  are p lo t t e d  in  F igure 5 . A p lo t  o f  
the c o n c e n tr a tio n  o f the hydrogen-bonded complex a t  50^ r e a c t io n  
v e r su s  4 - p ic o l in e  co n c en tr a tio n  i s  l in e a r .
- n i c o l in e r a te  co n sta n t X 10^ H lO^k^ K-lDonaed
(M) (3 e o ~ l)
Ü
(so c “^) oon-plex (H)
0 0 - — -
0*005 1 .6 2 0 .3 3 1 4 .8 9 0 .00156
0 .0 1 0 ' 2 .5 4 0 .5 2 0 4 .3 3 0 .00260
0 .0 1 5 2 .9 1 0 .6 3 0 4 .5 8 0.00315
0 .0 2 0 3 .4 7 0 .7 0 9 4 .8 9 0.00355
A c lo s e  p a r a l le l is m  can bo obsenr/od be tv/o on the  
c o n c e n tr a tio n  o f  the hydrogen-bonded s p e c ie s  (ca lc u la ,ted  a t  503& 
r e a c t io n )  and th e  exp erim en ta l r a te  constan t*  As th ere  was 
s t i l l  app roxim ately  30^ pychLorophenol p r e se n t , which load n o t  
been complexed a t  th e  h ig h e s t  4 - p ic o l in e  c o n c e n tr a tio n , i t  i s  
n o t su r p r is in g  th a t  a  l im i t in g  r e a c t io n  r a te  v/as n o t reached*
v )  R eaction  o f  m -n itrop h en o l (0 ,0 0 5  M) w ith  a c e t i c  anhydride  
(0 .0 5  Zly in  the px*esence o f  p y r id in e  b a ses in  carbon  
te tr a o lilo r id e  a t  2 5 ° .
The same type o f  r a te  dependence on the c o n c en tr a tio n  o f  
th e  base i s  seen  h e r e , a s  in  p rev io u s r e a c t io n s .  The data  in  
Table 3%7 are  p lo t t e d  in  F igure 6* v a lu e s  f o r  m -n itrop henol
w ith  3 - p i c o l i n e  and 4 - p i c o l i n e  are 269 and 309M”  ^ r e s n e c t iv e ly ^ ^ ^
1 ^
P ig . 6 R eaction o f m -nitrophenol (O .005M) with a c e t ic  anhydride (O.O51O
in  the presence o f  pyridine bases in  carbon te tra ch lo r id e  a t 25° .












Base m olarity x 10^
7'"
TABhR 3:7
3 - u i c o l i n e r a te  c o n s ta n t % 10^ R lO^k D
(II) ( c e c - 1 ) ( s e c  ")
0 .0 0 0 5 0 .5 6 0 .0 7 7 7 .2 7
0 .0 0 2 5 2 .0 9 0 .3 1 5 6 .6 3
0 .0 0 5 0 3 .4 0 0 .5 0 1 6 .7 9
0 .0 1 0 0 5 .1 0 0 .6 9 0 7 .3 9
4 - n i c o l i n e r a te  c o n s ta n t % 10^ R lo^k.
(LI) ( s e c - l )
0( - 1 '  ( s e c  ;
0 .0 0 1 2 5 2 .7 2 0 .1 9 2 1 4 .1 7
0 .0 0 2 5 0 4 .6 6 0 .3 3 3 1 3 .3 0
0 .0 0 3 1 5 5 .4 8 0 .3 9 3 1 3 .7 7
0 .0 0 5 0 0 6 .9 7 0 .5 3 0 1 3 .1 5
0 .0 1 0 0 0 3 .8 - -
Rrom th e c u r v e s  in  F igu re 6 i t  i s  p o s s i b l e  to e s t im a te
v a lu e  f o r  th e  3 r 5 n c te d  r e a c t i o n  c o n s t a n t , ^  , o f  about 1 . 0 .
I ' i th  3 -b r o n o p y r id in e  and q u in o l in e  a c t i n g  a s  th e  base c a t a l y s t s ,  
r a t e  c o n s t a n t s  o f  5 .1 3  :: 1 0 " ° c e c “ “ and 1 .7 0  :: 10""^sec” “ 
r e s p e c t i v e l y  v/ere o b ta in e d .  These s low  r e a c t i o n s  d id  n o t  £^ive 
Cood s t r a i g h t  l i n e s  when l o g  a / (a - : : )  was p l o t t e d  a g a in s t  t i n e , 
a.nd were n o t  s tu d ie d  f u r t h e r .
v i )  R e a c t io n  o f  2 - n i t r o n h e n o l  (0 .0 0 5  I') w ith  i s o b u t y r i c  
a n lr /d r ice  ( 0 .0 5  I"') i n  th e  p r esen ce  o f  py r id in e  b a ses  
( 0 .0 0 5  Li) in  carbon t e t r a c h l o r i d e  a t  2 5 ° .
The r e a c t i o n  o f  n - n i t r o p h c n o l  w ith  i s o b u t y r ic  anhydride was 
i n v e s t i g a t e d  in  th e  p r e se n c e  o f  p y r id in e  and s u b s t i t u t e d  
p y r id in e  b a s e s .  The quenching  t c c lm ic u e  was changed a s  r e p o r te d
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i n  S e c t i o n  2 .  m -N it3 ? o p h e n o l xiaB t h e  o n l y  p h e n o l  w h ic h ,  w h en
u s e d  i n  t h i s  r e a c t i o n ,  a l l o w e d  t h e  p r o d u c t s  t o  h e  a c c u r a t e l y
e s t i m a t e d *  A s e x p e c t e d ,  i s o b u t y r i c  a n h y d r i d e  w a s  l e s s  r e a c t i v e
t h a n  a c e t i c  a n h y d r i d e  d u e  t o  s t e r i c ,  p o n d é r a l , a n d  e l e c t r o n i c
f i e l d  e f f e c t s *  F i r s t  o r d e r  d e p e n d e n c e  i n  t h e  p h e n o l  w a s  f o u n d
i n '  a l l  t h e  r e a c t i o n s .  A B r h n s t e d  p l o t  o f  l o g  a g a i n s t  pK^^ i s
l i n e a r ,  a l t h o u g h  t h e  p o i n t  f o r  3 f 5 - l u t i d i n e  l i e s  b e lo w  t h e  l i n e .
A sum m ary  o f  r e s u l t s  i s  g i v e n  i r l  T a b le  3 * 8 .  T he v a l u e s  a r e
105t a k e n  f r o m  a  c o m p i l a t i o n  m ade b y  M c D a n ie l  a n d  B ro^m  ^  a n d  t h e  
a d d i t i v i t y  o f  t h e s e  c o n s t a n t s  i s  a s s u m e d . B r O n s t e d  a n d  
H a m n e t t  c o r r e l a t i o n s  a r e  i l l u s t r a t e d  i n  F i g u r e  7*
TABLE 3*8
B a s e 9 ^ lO ^ k g  ( e e c " ^ ) a-
p y r i d i n e 5 . 2 0 0 . 6 0 0
2 - p i c o l i n e 5 . 9 6 0 -
3 - p i c o l i n e 5 .6 5 1 . 3 7 - 0 . 0 6 9
4 - p i c o l i n e 6 .0 0 2 .7 9 - 0 * 1 7 0
3 - o t h y l p y r i d i n e 5 .6 5 1 . 4 8 - 0 . 0 7
4 - e t h y l p y r i d i n e 6 .0 0 3 .2 9 - 0 . 1 5 1
3 , 5 - l u t i d i n e 6 .1 5 2 .8 9 - 0 . 1 3 8
3 , 4 - l u t i d i n e 6 .4 6 7 .4 7 - 0 . 2 3 9
2 , 6 - l u t i d i n o 6 .7 3 0 -
T he B r O n s te d  r e a c t i o n  c o n s t a n t ,  p , o b t a i n e d  f ro m  F i g u r e  7 
i s  0 * 8 7  a n d  i t  i s  e x p e c t e d  t h a t  t h e  c o r r e s p o n d i n g  ^  v a l u e  v / i l l  
b e  a b o u t  - 5 *  A 'g o o d  s t r a i g h t  l i n e  i s  o b s e r v e d  f o r  t h e  H am m ett 
p l o t ,  t h e  s l o p e  o f  w h ic h  g i v e s  a  v a l u e  Ç  = - 4 * 8 3 .  T he p o i n t  
f o r  3 i 5 - l u t i d i n e  l i e s  o n  t h i s  l i n e ,  s u g g e s t i n g  t h a t  e i t h e r  t h e
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F ig . 7 Reaction o f  m-nitrophenol (0.005M) with iso b u ty r ic  anhydride (0.05M)
with pyridine bases (0.005^) at 25*
I i
3-")ico?_inc
: -G'chy:.;;:rrid in e
4 -c  tl'Ly.l;ny r id in e  
.?, 7 - d u t id in e
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e x p o r i x n o n t o l l y  d o t e m l z m ê  v a l u e  f o r  t h e  pK ^ l o  t o o  h i g h ,  o r  i t s  
v a l u e  i n  m t o r  ( t h o  o o l v o n t  i n  v^h ioh  t h e  m e  d o to z in in e d )  i s  
n o t  a  g o o d  m o a o o ro  o f  i t s  e l e c t r o n  d o n a t i n g  p o w e r  i n  c a r b o n  
t e t r a o l i l o r i d e *
A t y p i c a l  k i n e t i c  e x p e r i m e n t a l  r e s u l t  i s  g i v e n  i n  T a b le  3 i 9  
f o r  t h e  r e a c t i o n  o f  o - n i t r o p h e n o l  (0*CX)3 M) w i t h  i s o b u t y r i c  
a n h y d r i d e  ( 0 . 0 5  B ) i n  t h e  p r o o o n c o  o f  3 f 3 r X u t i d i n e  ( 0 .0 0 5  U)  
a t  2 5 ^ .  I n  t h i s  v /ozk  tw o  p r i n c i p a l  a n a l y s i s  t e c h n i q u e s  h a v e  b e e n  
u s e d  ( s e e  S e c t i o n  2 ) ,  a n d  a  c o m p a r i s o n  of> e x p e r i m e n t a l  d a la ,  
a n d  a c c u r a c y  o f  t h o  tw o  m e th o d s  c o n  b e  m ade f ro m  T a b l e s  3 t l  a n d  
3 i 9 .
TABLE 3 t9  
p h o n a to  i o n  % lO"^
(M)
Time




1 5 0 0
2100
2700
3 3 0 0
3 9 0 0
4 5 0 0
5 1 0 0
5 7 0 0
l o g  a/Ca^x)
4 7 . 0
4 1 .5





1 6 . 0 .
1 3 . 5  
11.0_
9 . 0
0 .0 2 7
0.081
0 .1 3 1
0 . 1 8 7
0 .2 6 0
0 .3 3 7
0.420
0 .4 9 5
0 .5 6 9
0 .6 5 3
0 .7 4 5
A4 - 1k© » 2 .9 2  X 10^ se c  .
m m O itz o p h e n o lrn d  w a s  r e a c t e d  u n d e r  t h e  sam e c o n d i t i o n s  o s  
a b o v e  9 w i t h  i s o b u t y r i c  a n h y d r i d e  i n  t h e  p r e s e n c e  o f  3 ^ p i o o l i n e  
a n d  w i t h  4 - e t h y l p y r i d i n o .  ^ K i t r o p h o n o l  w a s  7 1 . 4 #  c o n v e r t e d  t o
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m -n itrop h on o l-d  a f t e r  two exchange r e a c t io n s  w ith  deuterium  
oid.de. The pseudo f i r s t  order r a te  c o n sta n t f o r  th e  r e a c t io n  
o f  m -n itro p h o n o l-d , v/as d e te m in e d  from th e c o rr ec ted  s lo p e
o f  a lo g  a / ( o - x )  a g a in s t  tim e p lo t .  C o rrectio n  v/as made a t  each  
tim e in t e r v a l  by c a lc u la t in g  the ^ n itr o p h e n y l  a c e ta te  produced  
by ^ n itr o p h e n o l  from th e  known ICy, and su b tr a c t in g  t h i s  v a lu e  
from tho a c e ta te  p rod u ct.
A n a ly s is  by v i s i b l e  sp ec tro sco p y  depends, in  t h i s  c a se , on 
^ n it r o p h e n o l  and m ^-nitrophenol-d io n iz in g  to  the same degree in  
aqueous potassium  b icarb on ate  s o lu t io n .  I t  was found th a t  
s o lu t io n s  o f  E ^ nitrophenol and 7 1 .4 #  d eu tera ted  m -n itrop h en ol 
have the same absorbance v a lu e  a t  290 nm. R e su lts  are g iv en  
in  Table 3 «10.
TABLE 3tlU
R e a c t i o n  o f  p t - n i t r o p h e n o l - ^  ( 0 .0 0 3 4  M) w i t h  i s o b u t y r i c  a n h y d r i d e  
( 0 .0 5  M) i n  t h e  p r e s e n c e  o f  p y r j^ A ln e  b a s e s  ( 0 ,0 0 5  M) a t  2 5 ° .
Base r a te  co n sta n t k^x 10^
( seo " ^ )
3 -p ic o l in e  .1 .0 3
4 -e th y lp y r id in e  .3 .1 3
v i i )  E o t e r i & L c a t i o n  o f  j a r - n l t e p p h e n o l  ( 0 .0 0 5
1 .3 3
1 .0 5
w ith  ca rb o x y lic
a c id  aailr/drides (0 .0 5  M) in  th e  presen ce  o f  p y r id in e  b a ses  
(0 .0 0 5  U) in  carbon tcipnachloride a t  2 5 ° .
The e f f e c t  o f  in c r e a s in g  the s t e r i c  bulk around the  
anliydride carb onyl group on the r a te  o f  e s t é r i f i c a t i o n  has been  
in v e s t ig a te d .  Prom th e dependence o f  r e a c t io n  r a te  on s t e r ic
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f a c t o r s  i t  i s  p o s s ib le  to  o b ta in  a u s e f u l  in s ig l i t  in to  the  
str u c tu r e  o f  th e  t r a n s i t io n  s t a t e .  The r e a c t io n  s e r i e s  chosen  
v/as a c e t i c ,  p r o p io n ic , is o b u ty r ic  and p iv a l i c  anh ydrides w ith  
m -n itrop h en ol in  th e  p resen ce  o f  b a s e s . These r e a c t io n s  were . 
fo llo w e d  a s  in  th e  p r e v io u s  r e a c t io n  ( v i )  and a s  d escr ib ed  more 
f u l l y  in  S e c tio n  2 , The r e s u l t s  ob ta in ed  are summarized in  
Table and i l l u s t r a t e d  in  F igure 8 f o r  the 4 - p ic o l in e
c a ta ly s e d  r e a c t io n ,
TABLE 3:11
Anliydride 4 - p ic o l in e 3 -p ic o l in e
S
i o \ i o \
( s e o -1 ) ( s e c “^) (sec~ ^ ) ( s e c -1 )
A c e tic ' 0 .0 0 0 .0 0 6 .9 7 13 .15 3 .4 0 6 .7 9
P ro p io n ic —0 .0 7 - 0 .3 3 4 .4 0 8 .3 0 1 .7 1 3 .4 1
Iso b u ty r ic - 0 .4 7 - 1 .0 8 ■ 2 .7 9 5 .2 6 1 .3 7 2 .7 4
P iv a l ic - 1 .5 4 - 2 .4 6 0 .5 4 1 .0 2 0 .1 1 0 .2 3
The r a te  c o n sta n ts  f o r  the a c e t ic  anhydride r e a c t io n s  are  
a s  g iv e n  p r e v io u s ly  in  Table 3:7« E© and E© v a lu e s  are th ose  
g iv e n  by Taft^^ and Hancock^^^- r e s p e c t iv e ly ,  A p lo t  o f  
l o g  k©/k© a g a in s t  E©, v/here k©* i s  th e  r a te  co n sta n t f o r  the  
a c e t ic  anhydride, g iv e s  ^ v a lu e s  (th e  r e a c t io n  c o n sta n t)  o f  
0 .7 7  + 0 .0 8  and 0 .8 8  + 0 .1 0  f o r  th e  4 - p ic o l in e  and 3 -p ic o l in e  
r e a c t io n s  r e s p e c t iv e ly .  The T aft s t e r i c  e f f e c t s  l in e a r  fr e e  
energy r e la t io n s h ip  i s  g iv en  by?-
lo g  ICgAo = <3- Ç
T his e q u a tio n  csn  o n ly  be u sed  to  deteiroine th e  s t e r ic
* *
e f f e c t  o f  a group, i f  th e  p o la r  teim  c -^  i s  sm a ll, and the
Fig. 8 R eaction o f  m-nitrophenol (0.005M) with carboxylic acid
11
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reoonance term , E^, i s  n e g l ig lb lo .  The a p p l ic a b i l i t y  o f  t h i s  
eq u a tio n  to  base c a ta ly s e d  r e a c t io n s  i s  d is c u sse d  in  S e c tio n  4$
v i i i )  R eaction  o f  ji-ch lorop h en o l (0 ,0 1  M) ?d.th a c e t ic  anlxvdride 
in  the p resen ce  o f  p y r id in e  (0 .0 2  H) i n  carbon te tr a c h lo r id e  
a t  2 5 ° .
To do te  m in e  th e  ord er o f  t h i s  r e a c t io n  w ith  r e sp e c t  to  th e  
anh ydride, th e  pseudo f i r s t  order r a te  co n sta n t was d e tem in a d  
u sin ^  d i f f e r e n t  c o n c e n tr a tio n s  o f  th e  anhydride* The u su a l  
quenching and a n a ly s is  tec lm iq u es were u n a ffe c te d  by the la r g e r  
anhydride co n cen tra tio n s*  The r e s u l t s  are summarized in  Table  
3 :1 2 . A p lo t  o f  lo g  a c e t i c  anhydride co n c en tr a tio n  a g a in s t  
lo g  r a te  c o n sta n t i s  l in e a r  w ith  a  s lo p e  o f  1 .0 8 .  Hence, a c e t ic  
anhydride h as th e  order o f  one in  th e  r e a c t io n . T h is i s  
ex p ected  f o r  both  g e n e ra l base and n u c le o p h il ic  c a ta ly s is *  A 
graph o f  th e  r a te  co n sta n t p lo t t e d  a g a in s t  the a c e t i c  anhydride  
c o n c e n tr a tio n  i s  a ls o  l in e a r ,  F igure 9 , the s lo p e  o f  which can  
be used  to  check v a lu e s  o f  c a lc u la te d  from p roceed in g  
experim en ts ( s e e  S e c tio n  4 ) .
TABLE 3*12
Eate co n sta n t a c e t ic  anhydride logCACgO)-»-  ^ lo g  kg+5
k^ X lO'  ^ ( s e c  ) (M)
6 .3 0 0 . 0 5 2 3 " 0 .7 1 9 0 .7 9 9
1 2 .7 0 .1 0 4 6 1 .0 2 0 1 .1 0 4
1 9 .2 0*1569 1 .1 9 6 1 .2 7 4  '
2 7 .4 0 .2 0 9 2 1 .3 2 1 1 .4 3 3
f  33*5 0 .2615 ' ' 1 .4 1 8 1 .5 1 9
P rev iou s workers have shown th a t  a c e t ic  a c id  lias no e f f e c t  
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ajaliydride in  tho presen ce  o f  p y r i d i n e . H e r e ,  v/hen a c e t ic  
a c id  (0 .0 1  M) v/as added to  the r e a c t io n  m ixture; a c e t ic  anhydride  
(0 .1 5 6 9  M), 2rClalorophenol (0 .0 1  M) and p y r id in e  (0 .0 2  M); th e  
pseudo f i r s t  order r a te  co n sta n t observed  v/as 1 .9 5  % 10“*^  sec**^, 
v/hich i s  c lo se  to  th e  v a lu e  1 .9 2  x 10“*^  sec""^ ob ta in ed  in  th e  
absence o f  a c e t i c  a c id .
ix )  R éaction  o f  p-m etho::yphenol (0 .1 0  M) and a c e t i c  anhydride  
(0 .0 0 2  Ifl) in  the p resen ce  o f  p y r id in e  in  carbon  
t e tr a c h lo r id e  a t  3 5 ° .
An a l t e r n a t iv e  method f o r  f in d in g  the order o f  the r e a c t io n  
in  th e  anhydride i s  to  p la c e  the phenol in  e x c e s s  over  the  
anhydride and determ ine th e  foim  o f  the in te g r a te d  r a te  
e x p r e ss io n , thoxyphenol does n o t r e a c t  v/itli a c e t ic  anhydride
a f t e r  se v e r a l days, but in  th e  p resen ce  o f  p y r id in e  a m easurable  
r a te  v/as ob served . The p rod u ction  o f  2 -rnethoxyphenyl a c e ta t e ,  
and hence th e  d isappearance o f  a c e t ic  anhydride, v/as found to  
fo llo v / th e  eq u a tio n  I -
k^t = 2 .3 0 3  lo g  a / ( a - x )  
v/here a= i n i t i a l  c o n c e n tr a tio n  o f  a c e t ic  anhydride, x = th e  
c o n c e n tr a tio n  o f  a c e ta te  a t  tim e t .  A good s t r a ig h t  l in e  was 
o b ta in ed  by p lo t t in g  lo g  a / ( a - x )  a g a in s t  tim e and, h en ce, the  
r e a c t io n  i s  f i r s t  order in  th e  anhydride. A p r e v io u s ly  
determ ined c a l ib r a t io n  curve o f  o;-methoxyphenyl a c e ta te  v/as u sed  
to  f in d  X. The quenching and a n a ly s is  procedure i s  d escr ib ed  
below .
None o f  th e  p h en o ls u sed  p r e v io u s ly  cou ld  be employed h e r e , 
f o r  two r e a so n s . ( I )  I t  was im p o ss ib le  to  co m p lete ly  remove any 
o f  th e se  p h en o ls , a t  th e  req u ired  h ig h e r  c o n c e n tr a tio n s , by th e
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u su a l quenching technique* - In  a l l  c a s e s ,  the r e s id u a l  phenol 
absorbed enougli energy in  th e  fundam ental carbonyl s tr e tc h in g  
r e g io n  to  make q u a n t ita t iv e  in fr a r e d  measurements, im p o ss ib le .
(2 )  Vvhen a  s o lu t io n  o f  any phenol (0*10 M, in c lu d in g  ^-m ethoxy-. 
ph en ol) and a c e t i c  anhydride, (0 .0 0 2  M) in  carbon te tr a c h lo r id e  
v/as shaicon v /ith  sa tu ra ted  aqueous potassium  b ica rb o n a te , a c e ta te  
was produced, making i t  im p o ss ib le  to  u se  th e  noim al quenching  
tech n iq u e . T h is was overcome by adding p y r o g a llo l  (0 .2 5  M) to  
tho potassium  b ic a rb o n a te . s o lu t io n .  I t  i s  b e lie v e d  th a t  tho  
p y r o g a llo l  s u c c e s s f u l ly  com petes v /ith  th e  r e s id u a l phenol f o r ,  
th e  anhydride and p y r o g a llo l  m onoacetate, b e in g  so lu b le  , in  th e  
aqueous p h ase , does n o t in t e r f e r e  w ith  the a n a ly s is  t e  c lin iq ue. 
£-M ethoxyphenol can be co m p lete ly  removed from th e  carbon  
te tr a c h lo r id e  phase by shaking a  4 cm  ^ a l iq u o t  o f  th e  r e a c t io n  
m ixture w ith  sa tu ra te d  aqueous potassium  b icarb on ate  (20 cn^, .
1 m in u te) ,  and th en  w ith  w ater (10 cm^, 1 m in u te ). The r e a c t io n  
v/as i n i t i a t e d  by adding the a c e t ic  anhydride s o lu t io n  to  th e  
£«-methoxyphenol and p y r id in e  s o lu t io n .  R e su lts  are g iv e n  in  
Table 3 I13 .
TAhhB 3:13  
p y r id in e  r a te  co n sta n t x 10^
(IÎ) (sec~ ^ )
0 0
0 .0 3  3 .0 6
0 .0 4  3 .6 4
0 .0 5  4 .1 9
The low  s e n s i t i v i t y  o f  the i%te co n sta n t to  changes in  the  
p y r id in e  c o n c en tr a tio n  must r e f l e c t  th e  sm all a s s o c ia t io n  
co n sta n t betw een £;-methoxyphenol and p y r id in e  a t  35®.
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= 3 3  a t  2 7 ° ) . 1 0 2
x ) R eaction  o f  p h en o ls w ith  a c e t ic  anhydride (0*05 M) i n  th #
presen ce o f  4-d im eth ylam in opyrid ine (4-DMAP) in  carbon
te tr a c h lo r id e  a t  25
.1084-D im ethylom inopyrid ine (pK^ = 9 .71)^^^ i s  a  good c a ta ly s t  
f o r  th e  a c é t y la t io n  o f  a  phenol v /ith  an anhydride in  carbon  
t e tr a c h lo r id e  # Only v ery  lov/ base c o n c e n tr a tio n s  can be used  
because o f  th e  f a s t  r e a c t io n  r a te .  Hence, th e  sa tu r a t io n  e f f e c t  
found w ith  o th e r  b a ses  i s  avoided  ( s e e  F igure 5 ) ,  and tho order  
o f  th e  r e a c t io n  in  p y r id in e  can be c a lc u la te d . Data are g iv e n  
in  Table 3*14.
TABLE 3 114
Phenol (0 .0 1  M) #^C lilorophenol (0 .0 1  M)
-DllAP X 10^ i o \ lO'^R i o \ 4-DM&P X 105 1 0 \
(M) ( s e o - l ) ( s e c -1 ) (H) ( se c “ l )
0 .4 1 2 4.00 4.38 9.15 0 .4 1 0 0.50
0.824 9 .8 0 8 .1 2 12.07 0 .8 2 0 2 .0 2
1 .2 3 6 13.9 1 0 .6 13.1 1.240 3.59
1 .6 4 8 1 9 .0 14.4 1 3 .2 1 .6 4 0 5.09
2 .0 6 0 2 3 .6 1 8 .8  , 1 2 .6 2.06 6.93
2.47 2 8 .2 2 1 ,0 13.4 2 0 .0 V. f a s t
. 2000 V. f a s t
A p lo t  o f  lo g  4-DMAP c o n c en tr a tio n  a g a in s t  lo g  i s  l in e a r  
f o r  both  the phenol and ^ c h lo r o p h e n o l r e a c t io n s  v /ith  s lo p e s  o f  
0 .9 7  and 1 .3 6  r e s p e c t iv e ly ,  in d ic a t in g  th a t th e  r e a c t io n  i s  
f i r s t  order in  the b a se .
The r e a c t io n  betv/een ^ -ch lo ro p h en o l (0 .0 1  M) and a c e t ic  
anhydride (0 .0 5  M) in  tho p resen ce  o f  2-dim e thy  lam in op yrid in e
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was in v e s t ig a t e d .  A fte r  one day, on ly  about f^o r e a c t io n  cou ld  
be d e te c te d , which i l l u s t r a t e s  "h'/o p o in ts ;  ( I )  th e  s t e r i c  e f f e c t  
which o p e r a te s  when the p y r id in e  base i s  - s u b s t i t u t e d ,  i n h ib i t s  
the r e a c t io n , and (2 )  t h e .b a s ic  c en tre  i s  the r in g  n itr o g e n . ■ 
I f  th e  s id e -c h a in  n itr o g e n  were th e  b a s ic  cen tre  the c a t a ly t i c  
a b i l i t y  o f  2 -  and 4-DMAP should  be very  s im ila r ,  
x i )  R ea ctig m .o f m -n itrou h en o l (0 .0 0 5  U) w itli a c e t i c  anliydride  
(0 .0 5  U) in  the p resen ce  o f  1 .3 -b is (d im e th y la m in o )-
naphthalene i n  carbon te tr a c h lo r id e  a t  25®#
1 , 8 - 3 i s ( dim ethylam ino)naphthalene e x i s t s . i n  a  s tr a in e d  
conform ation  whose s t r a in s  can be r e l ie v e d  by p r o to n a tio n  a t  one 
o f  th e  n itr o g e n  r in g  a t o m s . I t  i s  hence exp ected  th a t  t h i s  
compound w i l l  be h i^ a ly  b a s ic  (pK^ = 1 2 .3 4 )  and, i f  th e  c a t a ly t i c  
a b i l i t y  needed in  t h i s  a c é ty la t io n  depends s o l e ly  on b a s i c i t y ,  
t h i s  compound should  be a  very  good c a ta ly s t*
R e su lts  are g iv e n  in  Table 3*15 and i l l u s t r a t e d  in  F igure
1 0 .,  I t  was found th a t  sim ple f i r s t  ord er  k in e t i c s  v/ere n ot  
obeyed, and r e p r o d u c ib il i ty  was on ly  good up to  about 40^ 
r e a c t io n . C on siderin g  th e  pK  ^ o f  t h i s  compound, i t  was n o t a  
good c a t a ly s t  f o r  t h i s  r e a c t io n . Stock s o lu t io n s  o f  1 ,8 - b i s -  
( dime thylam ino) naphthalene r e a d ily  d e p o s it  a p ink  p r e c ip it a t e  
on sta n d in g , probably a r is in g  from an in t e r a c t io n  w ith  carbon  
t e t r a c h l o r i d e . To a v o id  t h i s ,  o n ly  d i lu t e  s o lu t io n s  o f  the  
base v/ere prepared , v ^ c h  were used  im m ed iate ly . The r e a c t io n  
m ixture remained c le a r  a f t e r  th ree  hours r e a c t io n  tim e.
However, a slow  r e a c t io n  w ith  tho so lv e n t  d e str o y in g  the base  
cou ld  e x p la in  th e  curvature in  F igure 1 0 .
F ig . 10 Reaction o f m-nitrophenol (0.005M) with a c e t ic  anhydride (0.05M)
in  the presence o f  l,8-b is(dim ethylam ino)naphthalene (0,005M)
in  carbon te tra ch lo r id e  at 25°.
X
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9 0  
120
iZmorlnont ttia  
2
3 7  
5 1
65 
9 0  :, 120 
1 5 0  
1  d a y
a c e ta te ~ ~ 'k  l o t " ?;■
>1
' 4 , 5  ' ■ v'.'= -
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1 4 . 5




4 . 5  
2 4
2 7 .5
2 9 .5  
3 3
3 5 .5  




4 . 1  
9 . 7
1 4 . 9  
22.2
2 8 . 4
3 3 . 7
3 3 . 7
4 0 . 9
4 . 1
2 8 . 4
3 4 . 7
3 3 . 7
4 6 . 9
5 3 . 8
5 3 .5
6 7 .8
l,3 -B iG (d im etliy l?jn ino)naphth .a lene m o la r ity  = 0 .005  
asli)
W K U Ü
â £ J 2 Î . ■f-
X i
( a )  A n i l i n o .
A n i l i n e  (0 # 0 2  U)  m s  a d d e d  t o  tûtie r o a c t i o n  l a i s t u r o ,  b u t  n o  
j ^ b l o r o p h o n y l  a o o t a t o  c o u l d  b o  d o  t o o  to d #  o v o n  a f t e r  o n e  d a y
■ /
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(u s in g  the noraal. quencîiing and a n a ly s is  tech n iq u e f o r  
£ -ch lo ro p h en o l)«  An in fr a r e d  spectrum  and a gas l iq u id  
chromatogran o f th e  r e a c t io n  m ixture a f t e r  one day gave no 
in d ic a t io n  th a t  a c e ta u i l id e  was p resen t*
(b ) Im id ago le*
The s o l u b i l i t y  o f  im id azo le  in  carbon te tr a c h lo r id e  i s  low  
and th e  c o n c e n tr a tio n  used  in  the r e a c t io n  m ixture was only  
2 ,1 6  X A good s t i a i g h t  l in e  was ob ta in ed  when
lo g  o / ( a - x )  was p lo t t e d  a g a in s t  tim e , th e  s lo p e  o f  v/hich gave  
= 1.18 X 10“  ^ sec*"^ ,
( c )  2 -ü e t ly /l im id a g o le . .
The r e a c t io n  v /ith  2 -m eth y lim id azo le  a c t in g  a s  th e  c a t a ly s t ,  
a t  the same c o n c en tr a tio n  a s  im id a zo le , was v e iy  s lo w . Only 
185  ^ r e a c t io n  cou ld  be d e te c te d  a f t e r  one day and 60fc a f t e r  
fo u r  d ays.
(d ) T r ie th y len e  d iam ine.
T rio th y len ed iam in e  (2 ,5  x 10"^ Ï5) c a ta ly se d  a pseudo f i r s t  
ord er r e a c t io n  w ith  a rn te  co n sta n t o f  5 .2 5  x  10"^ sec*^ ,
(e )  D im etliyl O ulphoxide,
'The r e a c t io n  w ith  d im etliy l su lph oxid e (0 .0 2  M) was very  
slow  and d id  n o t appear to  fo llo w  sim ple f i r s t  order k i n e t i c s ,
A p lo t  o f  lo g  a / ( a - x )  a g a in s t  tim e was a  cu rve, but a p lo t  o f  
l / ( a - x )  a g a in s t  tim e was l in e a r .  60^ r e a c t io n  v^s reached a f t e r  
two days. T h is i s  a su r p r is in g  r e s u l t  because d im ethyl 
su lp h oxid e i s  known to  havo a  la r g e  a s s o c ia t io n  co n sta n t w ith  
p h en o ls  to  'form a  hydrogen-bonded com plex. I f  t h i s  r e a c t io n  i s  
an example o f  g e n e ra l base c a t a l y s i s ,  one would ex p ect th a t  th e  
s tr o n g e r  the b a se , th e  b e t t e r  w i l l  be i t s  c a t a ly t i c  power.
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U su a lly  the hydrogen bonding a b i l i t y  o f  compounds and t h e ir  
b a s i c i t y  foiro a l in e a r  c o r r e la t io n . The a s s o c ia t io n  c o n sta n ts  
o f  the b a ses 4 - p ic o l in e ,  2 ,6 - lu t id in e  and d im ethyl su lph oxid e  
w ith  £ -ch lo ro p h o n o l have been d e tem in o d  by the u su a l in fr a r e d  
tech n iq u e  a s  d escr ib ed  in  S e c tio n  2 . The r e s u l t s  are l i s t e d  
below .
Base a s s o c ia t io n  co n sta n t
(ET^)
4 -p ic o l in e  148 + 8
2 ,6 - lu t id in e  179 ±  9
d im ethyl su lp h oxid e 403 + 28
x i i i )  R eaction  o f  n -c h l  pro phenol (0 ,0 1  I!) w ith  a c e t i c  anhydride  
( 0 .0 5  M) i n  th e  p resen ce  o f  p y r id in e  (0 ,0 2  M) in  carbon  
tetrachJLoride a t  d i f f e r e n t  tem p eratu res.
To d ete im in e  th e  a c t iv a t io n  param eters o f  t h i s  r e a c t io n  
th e  tem perature was v a r ie d  over th e  range 0 -  45^. A summary 
o f  the r e s u l t s  i s  g iv e n  in  Table 3:16  to g e th e r  w ith  a s s o c ia t io n  
c o n sta n t v a lu e s  c a lc u la te d , u s in g  the v a n 't  H off iso c h o r e , from  
th e  v a lu e s  K = 113 -it 27° and A h = -2 9 .2 9  kJ mole"^
( - 7  k c a l .  m ole”?"). The en tlm lp y o f  form ation  o f  th e  hydrogen- 
bonded complex i s  approxim ate and no attem pt has been made to  
co n v ert l i t e r a t u r e  m o la r ity  v a lu e s  to  m o la lity  v a lu e s .
A p lo t  o f  lo g  r a te  c o n sta n t a g a in s t  r e c ip r o c a l tem perature  
g iv e s  a  good s t r a ig h t  l i n e ,  the s lo p e  o f  which g iv e s  an 
a c t iv a t io n  energy o f  3 3 .9  IcJ mole**^.
- ' TABLE 3*16
\
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Temperature ‘ r a te  co n sta n t x  10^ lO^kb K £
(°C)
* *1 • . • 
(s e c  ) ( s e c - l ) ( eT^)
0 1 .7 2 2 .0 2 361 0 .8 5 0
13 3 .95 5 .2 7 185 0 .7 4 9
25 6 .2 9 9 .3 2 126 0 .6 7 5
30 7 .5 1 1 1 .9 6 102 0 .6 2 8
35 9 .2 9 1 5 .8 0 35 0 .5 8 8
,f,
45 1 4 .6 0 2 3 .3 0 60 0 .5 1 6
x iv )  R eactioq, o f  i^ ch lo ro p h en p l (0 .0 1  M) w it h .a c e t ic  anhydride  
O.OS p resen ce  p y r id in e  J o , 01 M) and
M) in  cHMelMB $##mmëhlArlde a t  0 ° .
To i n i t i a t e  the r e a c t io n , the tv;o p y r id in e  b a ses  were added 
to  th e  a c e t ic  anliydride and p -c lilorop h en o l s o lu t io n ,  A graph o f  
lo g  a / ( o - x )  a g a in s t  tim e i s  l in e a r .  R e su lts  are g iv e n  in  
Table 3*17 to g e th e r  w ith  a t y p ic a l  k in e t ic  experim en t, . ^
TABLE 3 :17  „ ,
5p y r id in e  4 -p io o l in e  r a te  co n sta n t x  10
(M) • (15) (s e c “ ^)
0 .0 2  : -  1 .7 2
0 -02  . 1 0 .9
0 .0 1  0 .0 1  7 .3 1
93
TABLE 3:17  ( c o n t .)
Time M olarity  o f lo i:  a / ( a -
(min) a c e ta te  x  10^
5 1 7 .5 8 .4
20 22 1 0 .8
40 27 1 3 .7
60 . 32 ,5 1 7 .1
30 38 2 0 .8
120 4 8 ,5 2 8 .8
180 60 .5 4 0 .3
300 78.5 5 6 .8
x v )  R e a c t i o n  o f  p - c h l o : g p p h m p l  ( 0 . 0 1  M) w i t h  c a r b p i o r l i c  a c i d  
a n h y d r i d e s  i n  t h e  p r e s e n c e  o f  t e t r a h e x y l a a m o n i u in  b e n z o a t e  
i n  c a r b o n  t e ^ m ^ h i  p r i d e  a t  2 5 ^ .
The r e a c t io n  between a c e t ic  anliydride (0.0515) and ^ r c h lo ro -  
phonol in  th e  p resen ce o f  totrahexylanm oniuin benzoate (2 ,5  x  10" 
was com pleted a f t e r  one hour* Two e x tr a  a b so rp tio n s  a t  1820 
and 1750 cm~^ i n  th e  carbonyl s tr e tc h in g  r eg io n  o f  th e  in fr a r e d  
spectrum  made k in e t ic  measurements d i f f i c u l t .  These e x tr a  
a b so rp tio n s  were n o t a s s ig n e d , Ho £ -ch lorop h en y  1 a c e ta te  was 
produced when tetrahexylammonium benzoate was added to  carbon  
t e t r a c h lo r id e  s o lu t io n s  o f  ( i )  a c e ty l  t r i f lu o r o a c e t a t e ,  ( i i )  
a c e t i c  anhydride or  ( i i i )  £ -c lilo ro p h en o l and a c e t y l  t r i f lu o r o — 
a c e ta te  im m ediately  p r io r  to  quenching.
B enzoic anhydride (0 .0 1  M) r ea c te d  w ith  £ -c lilo ro p h en o l 
(0 .0 1  M) in  th e  presen ce  o f  tetrahexylammoniuni benzoate  
(1 2 ,5  X 10"*%) to  g iv e  on ly  one a b so rp tio n  in  the carbonyl 
r e g io n  o f  th e  in fr a r e d  spectrum o f  th e  r e a c t io n  m ixture a f t e r
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f i v e  m in u tes. T his a b so rp tio n  corresponded to  th a t  o f the  
carb onyl group in  £ -ch lo ro p h en y l benzoate  and no r e s id u a l  
b en zo ic  anhydride cou ld  be d e te c te d . '
To check th a t  t h i s  c a t a ly t i c  r e a c t iv i t y  o f  th e  s a l t  v;as 
n o t due to  tr a c e  im p u r it ie s  o f  tetrahexylammonium io d id e  (th e  
s t a r t in g  m a te r ia l in  the p rep a ra tio n  o f  th e  s a l t ) ,  b en zo ic  
anhydride \m s r ea c te d  vrnth £ -ch lo ro p h en o l in  th e  p resen ce  o f  the  
io d id e  (1 2 .5  x  10"^ M). A fte r  f i v e  m inutes about 50^ r e a c t io n  
was m onitored , but the r e a c t io n  was n o t com pleted a f t e r  tv/o 
h o u rs. K in e tic  measurements were n o t c a r r ie d  ou t because o f  
th e  d i f f i c u l t y  in  removing b en zo ic  anhydride from th e  carbon  
te tr a c h lo r id e  p h ase .
x v i)  R eaction  o f  m -n itrop hon ol (0 .0 0 5  M) ivi^th is o b u ty r ic  
anhydride (0 .0 5  M) i n  th e  presen ce  o f  2 . 6 - lu t id in c  
to g e th e r  w ith  3 ,4 - lu t id in e  in  carbon te tr a c h lo r id e  a t  25^. 
I^ N itrop h en o l and is o b u ty r ic  anhydride do n o t r e a c t  in  the  
p resen ce  o f  2 ,6 - lu t id in e  (Table 3 : 8 ) .  3,4—L u tid in e  i s  a  very  
good a c é t y la t io n  c a t a ly s t  g iv in g  a  pseudo f i r s t  ord er  r a te  
co n sta n t o f  7 .4 7  x  10*"  ^ sec""^. The e f f e c t  o f  adding 2 ,6 - lu t id in e  
to g e th e r  v /ith  3 ,4—lu t id in e  to  th e  r e a c t io n  m ixture was 
in v e s t ig a te d ,  and th e  r e s u l t s  are g iv e n  in  Table 3 :18  and 
i l l u s t r a t e d  in  F igure 1 1 .
TABLE 3:18
3.4—lu t id in e  2 .6 - lu t id in e  r a te  co n sta n t x  10^ o rd in a te
(M) (M) (sec* ^ ) in te r c e p t
0 .0 0 5  0 7 .4 7  0
0 .0 0 5  0 .0025  5 .7 1  0 .1 0
0 .0 0 5  0 .0 0 5 0  5 .0 7  0 .2 0
0 .0 0 5  0 .0075  3 .9 9  0 .3 0
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As the 2 ,6 - lu t id in o  c o n c en tr a tio n  i s  in c r e a se d , the  
in te r c e p t  on the o rd in a te  o f  a  lo g  a / ( a - x )  a g a in s t  tim e p lo t  
in c r e a s e s  u n iform ly  and the r a te  o f  r e a c t io n  d e c r e a se s . At the  
tv/o liig h e r  2 ,6 - lu t id in e  c o n c e n tr a tio n s  th e  p o in ts  on the  
lo g  a /(a ^ x )  a g a in s t  tim e diagram s showed c o n sid er a b le  s c a t t e r  
making the in te r c e p t  v a lu e s  o n ly  approxim ate. For t h i s  reason  
h ig h e r  2 ,6 - lu t id in e  c o n c e n tr a tio n s  were n o t in v e s t ig a t e d .
There are tliroe  reason s wliy an in te r c e p t  cou ld  occu r on 
th e  lo g  a /(a ^ x )  a x is ;  ( i )  the ^ n it r o p h e n o l  and 2 ,6 - lu t id in e  
may form a n o n -r e a c t iv e  s p e c ie s ,  th e  c o n c e n tr a tio n  o f  v/hich 
co u ld  be deduced from th e in te r c e p t ,  ( i i )  th e re  cou ld  be a f a s t  
l o c a l i s e d  r e a c t io n  b efore  homogeneous r e a c t io n  c o n d it io n s  are  
o b ta in ed  or  ( i i i )  a h ig h ly  r e a c t iv e  s p e c ie s  cou ld  be p resen t  
which produces m -n itrop h en yl a c e ta te  v ery  q u ic k ly , but the  
r e a c t io n  c e a s e s  sh ort o f  com p letion . Subsequent work has shov/n 
th a t  th e  l a s t  e x p la n a tio n  i s  th e  most r ea so n a b le . 2 , 6 -D u tid in e  
does n o t e f f e c t  th e  quenching o r  a n a ly s is  tech n iq u es a t  th e se  
c o n c e n tr a t io n s .
I f  th e  c o n c e n tr a tio n  o f  ^ n it r o p h e n o l  used  in  t h i s  i n i t i a l  
f a s t  r e a c t io n  (c a lc u la te d  from the o rd in a te  in t e r c e p t )  i s  
su b tra cted  from the t o t a l  i n i t i a l  ^ n it r o p h e n o l  c o n c en tr a tio n  
and lo g  a / ( a - x )  p lo t t e d  a g a in s t  tim e, where a i s  th e  rem ainder, 
a s t r a ig h t  l i n e  t l ir o u ^  th e o r ig in  i s  o b ta in ed . The s lo p e  o f  
t h i s  l i n e  e q u a ls  th a t  o f  th e  o r ig in a l  lo g  a / ( a - x )  c o r r e la t io n .  
T h is i s  i l l u s t r a t e d  in  F igure 11 f o r  th e  r e a c t io n  w ith
2 ,6 - lu t id in e  (0 .0 0 5  M) and c lo s e  s im i la r i t y  i s  e v id e n t v/ith  th e  
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% vii) R eaction  o f  (0 .00^  M) w ith  ^ e t l c  anhydride |
(0 .0 5  M) in  tliG ]|regence o f  2 ,6 - lu t id in e  in  carbpn \
tetrE ic lilor id e  a t  25^. ;
V/hen ^ n it r o p h e n o l  (0*005 M) i s  r ea c te d  v /ith  a c e t i c  anhydride \ 
(0 .0 5  M) in  th e  p resen ce  o f  2 ,6 - lu t id in e  (0 .1 0  M), com plete .
r e a c t io n  occu rs im m ediately  (100^ m^-nitrophenyl a c e ta te  *
p rod u ction  v/as m onitored a f t e r  one m inute, the f a s t e s t  p o s s ib le  
sam pling t im e ) . R eduction o f  th e  2 ,6 - lu t id in e  c o n c en tr a tio n  to  
0 .0 2  M produces 65^ r e a c t io n  a f t e r  one m inute but th ere  appears  
to  be no fu r th e r  r e a c t io n , even a f t e r  s e v e r a l h o u rs . In order  
to  in v e s t ig a t e  how t h i s  i n i t i a l  a c e ta te  was produced, the  
2 ,6 - l u t i d i n e  c o n c e n tr a tio n  was v a r ie d  betw een 0 .0 0 4  and 0 .0 2 4  M*
The r e a c t io n  m ixture was sampled a f t e r  tv/o m inutes and each  
r e s u l t  i s  th e  average o f  two exp erim en ts. R e su lts  are  
summarized in  Table 3:19# F igu res 12 and 13 show how the  
i n i t i a l  f a s t  a c e ta te  p rod u ction  v a r ie s  w ith  2 ,6 - lu t id in e  
con cen t i n t i  on, and th e  square o f  th e  2 ,6 - lu t id in e  c o n c e n tr a tio n .
TABLE 3:19
2 .6 - lu t id in o  a -n itr o p h e n y l a c e ta te  r e a c t io n
(M) (M)
0 0 0
0 .0 0 4 0 .00035 7
0 .0 0 8 0 .00115 23
0 .0 1 2 0 .00200 40
0 .0 1 6 0 .00295 59
0 .0 2 0 0 .00375 75
0 .0 2 4 0 .00410 82






























































to  e s t a b l i s h  how t h i s  e f f e c t e d  the i n i t i a l  rap id  p rod u ction  o f  
a c e t a t e .  I t  v/as u su a l to  i n i t i a t e  ^ n it r o p h e n o l  r e a c t io n s  by 
adding a c e t ic  anhydride (5 cm^) to  th e  r e a c t io n  ta ix tu re . 
R eduction  o f  th e  anhydride c o n c e n tr a tio n  was a c liiev ed  in  two 
v/ays, ( i )  by adding 2 .5  cm  ^ o f  tlie  s to c k  anhydride s o lu t io n  and 
( i i )  by d i lu t in g  t h i s  s to c k  s o lu t io n  to  h a lf- i t s  m o la r ity  and 
adding 5 cm  ^ to  the r e a c t io n  m ixture in  th e  u su a l way* Both 
metliods shov; a  d ecrease  in  th e  i n i t i a l  rapid- form ation  o f  
a c e ta te ;  Table 3*20
TABLE 3 I20
tim e ' a c e t ic  ' 2 ,6 - lu t id in e '/i r e a c t io n
(min) ' anhydride (M) (M)
Method ( i )  . . 2 0 .0 2 0 .0 2 51
25 0 .0 2 . . 0 .0 2 51
Method ( i i ) 2 ' 0 .0 2 0 .0 2 56
25 0 .0 2 0 .0 2 56
x v i i i )  R oaction  o f  g t-n itron h en ol (0.00^^ annt i o  anhydride
( 0 .0 5  M) i n  th e  p resen ce  o f  (0*02 U) w ith
a q e t lc  a c id  In  carbon t e tr a c h lo r id e  a t  25^,
The reason  th a t  th e  i n i t i a l  f a s t  r e a c t io n  between a c e t ic  
anhydride and ^ n itr o p h e n o l  in  the p resen ce  o f  2 ,6 - lu t id in e  
does n o t go to  com p letion  may be due to  an in h ib it io n  e f f e c t  
by a c e t ic  a c id  produced i n  th e  r e a c t io n . To t e s t  t h i s  th e o r y ,, 
a c e t i c  a c id  was added^ to  the r e a c t io n  m ixture an d ,th e  r e s u l t s  




1• ' ' Î
T o ta l a c e t ic  a c id
ÏABLE 3:21 . , , . 
m -nitrop henyl a c e ta te  f- r e a c tio n
(M) W  '
0 .00355 0.00355 71
0 .00340 0 .00340 68
0 .00335  .V 0.00335 67
0.00325 0 .00325 ... 65
0.00415 0.00315 62
0 .00490 0 .00290 58
0 .00570 0 .00270 54
0.00725 0.00225 45
0.00705 0 .00205  - - 41
0 .00800 0 .00200 40
0.01125 0.00125 25
0 .01120 0 .00120  ' 24
0 .01555 0 .00055 11
0 .02030 0 .00030 6
The r e p r o d u c ib il i ty  o f  th e se  r e s u l t s  i s  approxim ately  2^ .
A graph o f  th e  t o t a l  a c e t i c  a c id  c o n c e n tr a tio n  ( a t  th e  end o f
th e  r e a c t io n )  a g a in s t  p ercen tage  r e a c t io n  g iv e s  a  smooth curve
*V
a s  shown in  F igure 1 4 . The s tr a ig h t  l i n e  through th e  o r ig in
shows hov/ th e  a c e t ic a c id  c o n c e n tr a tio n  in c r e a s e s throughout
th e  r e a c t io n  in  the absence o f  added a c e t ic  a c id . Four
* .. 
exp erim en ta l p o in ts  f a l l  on t h i s  l i n e .
■'1a ' .
m # " " '
1 no
F ig . 11+ Reaction o f  m-nitrophenol (0.005M) w ith a c e t ic  anhydride (0.05M)
in  the presence o f  2 ,6 -lu t id in e  (0.02M) with a c e t ic  acid .
•rl
10-
A cetic acid  m olarity x 10^
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x ix )  (0 .0 0 5  18) sd th  aoa^te « jh y d r ia e
(0 .0 5  V In  th e  vvgzq: <^^  o f  2«64>jy|[1;idine(0|^^ ^
to liion o  a t  25^.
To d e te m in e  whether th e  s o lv e n t  p la y s  any p a rt in  the  
i n i t i a l  f a s t  p rod u ction  o f  ^ n it r o p h e n y l  a c e t a t e ,  th e  so lv e n t  
was changed, from carbon t e tr a c h lo r id e  to  to lu e n e . ^ IJ itr o p h en o l  
and a c e t i c  anhydride do n o t r e a c t  a lon e  i n  to lu e n e  s o lu t io n .
Toluene i s  n o t a  good so lv e n t  f o r  t h i s  in fr a r e d  
sp e c tr o sc o p ic  method o f  a n a ly s is ,  s in c e  th e  r eg io n  tra n sp a ren t to  
in fr a r e d  r a d ia t io n  in  th e  carb onyl r e g io n  i s  very  narrow.
Hov;ever, by u s in g  matched 1 mm potassium  bromide c e l l s ,  the  
carb on yl a b so rp tio n  frequency o f  nw nitrophenyl a c e ta te  can be 
observed  a t  1775 cm" and th e  co n c en tr a tio n  can be estim a ted  
q u a n t i t a t iv e ly .  A c a l ib r a t io n  curve o f  m -n itrop henyl a c e ta te  in  
to lu e n e  was c o n str u c te d  im m ediately  p r io r  to  the k in e t i c  
exp erim en ts, u s in g  a  Perkin^Elm er 257 in fr a r e d  sp ectrom eter  w ith  
s l i t  w idth  s e t  a t  7 .
To quench th e  r e a c t io n , a  2cm^ a l iq u o t  was removed from th e  
r e a c t io n  m ixture and shaken f o r  one m inute w ith  w ater  (10 o sr )»  
The o rgan ic  phase was th en  sep arated  and shaken w ith  sa tu ra te d  
aqueous potassium  b icarb on ate  (10 cm^) f o r  t h ir t y  seco n d s. The 
to lu e n e  s o lu t io n  was then  d r ied  over magnesium su lp h a te . R e su lts  
are g iv e n  in  Table 3 :2 2 ,
TABLE 3:22
Time '•*' ‘ m -n itrop h en yl a c e ta te
(tain) (M)
Experim ent 1 2 0 ,00350
,30 0.00340,




These exporim ents in d ic a te  th a t  th e  so lv e n t  does n o t p la y  
a p a r t in  th e  i n i t i a l  f a s t  r e a c t io n . In  to lu e n e  about 69^ 
r e a c t io n  occu rs i n i t i a l l y  w ith  no fu r th e r  r e a c t io n  a f t e r  t h ir t y  
m in u tes. T h is a g r ee s  w e l l  w ith  th e  r e s u l t s  found in  carbon  
to tr a c lilo r id e  (T able 3 * 2 1 ).
zx ) RftM tlon o f  nH nitrophenol (0 .0 0 5  M) w ith  a c e t i c  anhydride  
(0 .0 5  M) in  th e  p resen ce  o f  2 .6 - lu t id in e  (0 .0 2  M) in  
w ater a t  25^.
As the organ ic  so lv e n t  does n o t appear to  p la y  any p art in
th e  mechanism o f  th e  i n i t i a l  f a s t  p rod u ction  o f  a c e ta t e ,  th e
r o le  o f  w ator a s  so lv e n t  was in v e s t ig a t e d .  ^ N itr o p h e n o l and
2 ,6 - lu t id in o  sto ck  s o lu t io n s  Tjoro made up in  w ater  in  th e  u su a l
manner. A c e tic  anliydride s o lu t io n  was made up in  sm all
q u a n t i t ie s  im m ediately  p r io r  to  r e a c t io n , to  e lim in a te  any s id e
111e f f e c t s  due to  th e  h y d r o ly s is  o f  t h i s  anh ydride. No r e a c t io n  
co u ld  be d e te c te d  between ^ n itr o p h o n o l (0 .0 0 5  M) and a c e t ic  
anhydride (0 .0 5  M) in  w ater  a f t e r  one m inute or  a f t e r  one day.
A 1 cm  ^ a l iq u o t  was removed from th e r e a c t io n  m ixture a f t e r  
one m inute and shaken w ith  a 5 cm  ^ a l iq u o t  o f  carbon  
t e t r a c h lo r id e .  T his procedure t r a n s fe r s  any i^ n itr o p h e n y l  
a c e ta te  produced in to  th e  organ ic  phase and a n a ly s is  then  
proceeded  a s  u s u a l .  The organ ic  phase v/as waslied w ith  sa tu ra ted  
aqueous potassium  b icarb on ate  (10 cm^), sep arated  and d r ied  over  
magnesium su lp h a te . R e s u lt s .a r e  g iv e n  in  Table 3 :2 3 .
TABLE 3:23
Time (min) m-nitrophen^rl a c e ta te  (M)
1 0 .0 0 3 0
60 0 .0 0 3 0
1440 0 .0030
105
C on sid erin g  the d i f f e r e n c e s  in  th e  s o lv e n ts  s tu d ie d , t h i s
i n i t i a l  50^ r e a c t io n  i s  v ery  s im ila r  to  th e  r e s u l t s  ob ta in ed  in
66to lu e n e  and carbon t e t r a c h lo r id e .  Jencks e t  a l .  have
su g g ested  th a t  p y r id in e  b a ses  may e x i s t  a s  dim ers in  aqueous 
s o lu t io n  which are n o n -r e a c t iv e  a s  n u c le o p h il ic  c a t a ly s t s .
These dim ers cou ld  bo v ery  stro n g  g e n e ra l base c a t a ly s t s  and an  
ex p la n a tio n  f o r  the i n i t i a l  f a s t  r e a c t io n  in v o lv in g  th e se  dim ers 
i s  d is c u sse d  in  S e c tio n  4#
x x i)  R eaction  o f  a -n itr o p h e n o l (0 .0 0 5  M) w ith  a c e t i c
(0 .0 5  M) in  the p resen ce  o f  2 .6 - lu t id in e  in  w ater a t  25^.
To determ ine i f  th e  r e a c t io n  in  w ater i s  s im ila r  to  th a t  
in  carbon te tr a c h lo r id e  v /ith  r e sp e c t  to  changes in  the ^
2 .6 - lu t id in e  c o n c e n tr a tio n , a r e a c t io n  s e r ie s  s im ila r  to  th a t  o f  1
Ii
experim ent ( x v i i )  was c a r r ie d  o u t. Once a g a in  th e  a c e t ic  * :
anhydride s o lu t io n s  were made up im m ediately  p r io r  to  th e  r e a c t io n .  
R e su lts  are g iv e n  in  Table 3:24 and F igure 15 i l l u s t r a t e s  how the  
i n i t i a l  m -n itrop h en yl a c e ta te  co n c en tr a tio n  (measured a f t e r  one 
m inute) v a r ie s  w ith  2 ,6 - lu t id in e  c o n c e n tr a tio n . A l in e a r  . ,
c o r r e la t io n  i s  o b ta in ed .
TABLE 3:24 ' '
2 . 6 - lu t id in e  la -n itrop h en y l a c e ta te  a c e t ic  anlxvdride ^
(M) (M) - (g /2 5  cm^) react:
0 0 0 .6 1 2 0
0 .0077 0 .00110 0 .5 6 9 22
0 .0 1 1 6 0 .00170 0 .5 6 6 34
0 .0154 0 .00220 0 .5 5 2 44
0 .0 1 9 3 0 .00285 0 .5 5 8 57
0 .0 2 3 2 0 .00345 0 .5 6 2 69























x x i i )  R eaction  o f  g^ n itrop h en o l (0 ,0 0 5  M) v/ith  
( 0 .0 5  M) in  th e  p resen ce  o f  2 . 6 - .lu t id in e  (0  
a c e t ic  a c id  in  w ater a t  25^#
1‘iiio  experim ent was c a r r ie d  out to  t e s t  fu r th e r  th e  
s im i la r i t y  be tv/o en the i n i t i a l  f a s t  r e a c t io n s  in  w ater and 
carbon t e tr a c h lo r id e  ( s e e  experim ent x v i i i ) .  ï lie  r e s u l t s  
o b ta in ed  hero d id  n o t g iv e  th e  same degree o f  r e p r o d u c ib il i ty  
a s  found in  experim ent ( x v i i i ) .  The i n i t i s i l  m -n itrop henyl 
a c e ta te  c o n c e n tr a tio n  v a lu e s  were rep rod u cib le  to  ±  2^. 
S im ila r  dependence o f  i n i t i a l  p ercen tage r e a c t io n  on added 
a c e t i c  a c id  c o n c en tr a tio n  was ob served . These r e s u l t s  are  
g iv e n  in  Table 3*25 and i l l u s t r a t e d  t o  F igure 1 6 .
TABLE 38,25 . : ^
Zh-nitro ohenyl a c e t ic  tohifdr id oT ota l a c e t ic  
a c id  (M) 
0 .0065  
0 .0 0 6 3  
0 .0 1 0 0  
0 .0 1 3 7  
0 .0175  
0 .0 2 1 2  
0 .0 2 1 0
a c e ta te
0 .0025
0 .0 0 2 3




0 .0 0 1 0
W (g /2 5  cm^) 
0 .5 6 0  
0 .5 6 9  
0 .575  
0 .5 7 1  
0 .5 7 1  
0 .565  
0 .5 7 1








V/hen th e  a c e t ic  anhydride m o la r ity  was reduced , a  q u ite  
d i f f e r e n t  r e s u l t  was o b ta in ed  from th a t  found in  carbon  











































A c e tic  anLiydride i^ n itrop h eiyr l a c e ta te  ^ r e a c t io n
(M) (M)
0 .0 5 0  0 .0032  64
0 .0 2 5  0 .0 0 4 7  94
0 .0125  0 .0 0 4 7  94
0 .0063  0 .0036  72
The p ercen tage  i n i t i a l  r e a c t io n  in c re a se d  a s  the a c e t ic  
anhydride c o n c e n tr a tio n  was reduced from 0 .0 5  M to  0 .0 2 5  M. 
F urther r ed u c tio n  o f  th e  anhydride c o n c en tr a tio n  d id  le a d  to  a 
r ed u c tio n  in  a c e ta te  produced.
x x i i i )  R eaction  o f  p -ch lorop h en o l (0 .0 1  M) v /ith  a c e t i c  anhydride  
(0 .0 5  M) in  th e  p resen ce  o f  2 . 6 - lu t id in e  (0 .0 2  M) in  
a d d it io n  to  o th er  p y r id in e  b a ses  in  carbon te tr a c h lo r id e  
at, 2 5 ° .
2 ,6 -L u t id in e  (0 .0 2  M) does n o t c a ta ly s e  a r e a c t io n  between  
2 rch lo ro p h en o l (0 .0 1  M) w ith  a c e t ic  anhydride (0*05 M) in  carbon  
t e t r a c h lo r id e .  I f  2 ,6 - lu t id in e  i s  added to  th e  p y r id in e  
c a ta ly s e d  r e a c t io n , a  red u c tio n  i n  r a te  may be exp ected  due to  
th e  c o m p etit iv e  form ation  o f  a n o n -re a o tiv e  hydrogen-bonded  
s p e c ie s  (assum ing g en era l base c a t a ly s i s )  o f  th e  form :-
01
OH
S te r ic  hindrance due to  th e  oc-m ethyl groups w i l l  preven t 




p rev en tin g  r e a c t io n . The r e a c t io n s  o f  £ -ch lo ro p h en o l (0 ,0 1  M) 
w ith  a c e t ic  anhydride (0 .0 5  M) in  th e  presen ce  o f  ( i )  p y r id in e  
(0 .0 2  M), ( i i )  4 - p ic o l in e  (0 .0 2  M) and ( i i i )  3 ,4 - lu t id in e  (0 .0 2  
were rep ea ted  i n  the p resen ce  o f  2 ,6 - l u t i d i n e .  The r e s u l t s  are  
g iv e n  below in  Table 3*27.
TABLE 3*27
Base 2 , 6 - lu t id in e r a te  co n sta n t
(M) ( s e o - l )
p y r id in e 0 5 .9 3
p y r id in e 0 .0 2 3 .8 1
4 - p ic o l in e 0 3 4 .7
4 -p io o l in e 0 .0 2 2 2 .7
3 ,4 - lu t id in e  ' 0 9 9 .6
3 ,4 - lu t id in e 0 .0 2 6 4 .0
For each o f  th e se  r e a c t io n s  the r a te  i s  reduced by the  
a d d it io n  o f  2 ,6 - l u t i d i n e .  A lso noted  here v/as th a t  the in te r c e p t  
on th e  o rd in a te  o f  a  lo g  a / ( a - x )  a g a in s t  tim e p lo t  was alw ays 
la r g e r  when 2 ,6 - lu t id in e  was p resen t than in  i t s  ab sen ce .
I t  i s  Imown th a t  d im ethyl su lph oxid e forms stro n g  hydrogen  
bonds w ith  p h en o ls and, from experim ent ( x i i ) ,  t h i s  compound i s  
n o t a  good a c é t y la t io n  c a t a ly s t .  I t  may be exp ected  th en , from  
t h e i r  s im i la r i t y  in  hydrogen bonding a b i l i t y ,  th a t  d im ethyl 
su lp h ox id e  and 2 ,6 - lu t id in e  w i l l  have s im ila r  c a t a ly t i c  
p r o p e r t ie s  tow ards t h i s  r e a c t io n . The r e a c t io n  o f  j> -ch loroplienol 
(O.Ol M) w ith  a c e t i c  anhydride (0 .0 5  M) in  the p resen ce  o f  
4 - p ic o l in e  (0 .0 2  M) and d im etliy l su lp h oxid e (0 .1 0  M) has a pseudo 
f i r s t  order r a te  co n sta n t o f  8 .1 0  x 10*^ bec*“^ , compared w ith
I l l
1 .7 1  X 10**  ^ CGO~^  f o r  th e  r e a c t io n  w ith ou t d im ethyl su lp h o x id e . 
Hence, once a g a in  the r e a c t io n  r a te  was reduced , hut the  
in te r c e p t  v a lu e  was unchanged.
x x iv )  R eaction  o f  p -ch lorop h en o l (0*01 M) w ith  a c e t i c  anhydride
( 0 .0 5  in  th e  presen ce  o f  4 - p ic o l in e  (0 .0 2  M) and
2 .6 - lu t id in o  (0 .1 0  M) in  carbon t e tr a c h lo r id e  a t  25^.
The e f f e c t  o f  2 ,6 - lu t id in o  on th e  o rd in a te  in te r c e p t  v a lu e  
in  a  lo g  a / ( a - x )  a g a in s t  tim e graph ( i . e .  the c o n c e n tr a tio n  o f
2 -ch lorophony1 a c e ta te  produced in  the i n i t i a l  f a s t  r e a c t io n )  
was s tu d ie d  by in c r e a s in g  the 2 ,6 - lu t id in e  m o la r ity  to  0 .1 0  M.
A la r g e  in te r c e p t  i s  observed  but the fo llo w in g  slow  r e a c t io n  
g iv e s  on ly  a  poor l in e a r  c o r r e la t io n . Approximate v a lu e s  f o r  
th e  in te r c e p t  and r a te  co n sta n t are 0 .6  (e q u iv a le n t  to  15^ 
r e a c t io n )  and 2 0 .0  % 10"^ sec*"^ r e s p e c t iv e ly .
2 .6 - lu t id in e  was p u r if ie d  by a  d i f f e r e n t  method from the  
o th e r  p y r id in e  b a ses  and t h i s  cou ld  account fo r  i t s  anomolous 
b eh aviou r (S e c t io n  2 ) .  To check th a t  no im purity  in  2 ,6 - l u t i d i n e ,  
r e s u l t in g  from the d i f f e r e n t  p u r i f ic a t io n  tech n iq u e , was the  
cause o f  the i n i t i a l  f a s t  r o a c t io n , a  sample o f  2 ,6 - lu t id in e  was 
f r a c t io n a l ly  d i s t i l l e d  and th e  r e a c t io n  rep ea ted . No d if fe r e n c e  
in  th e  in te r c e p t  o r  r a te  co n sta n t cou ld  be d e te c te d .
The f a s t  i n i t i a l  p rod u ction  o f  a c e ta te  cou ld  be due to  a  
r e a c t io n  ta k in g  p la ce  on ly  during th e  quenching proced ure. T his 
e x p la n a tio n  i s  u n l ik e ly ,  however, a s  th e  r e a c t io n s  w ith  
^ n it r o p h e n o l ,  v/here a  d i f f e r e n t  quenching techn iqu e was u sed , 
a ls o  showed t h i s  f a s t  i n i t i a l  r e a c t io n . T his p o s s i b i l i t y  was 
e lim in a te d  by u s in g  a gas l iq u id  chromatography tech n iq u e . The 
r e a c t io n  m ix tu re , p^olilorophenol (0 .0 1  M) w ith  a c e t i c  anhydride
1 1 2
(0 ,0 5  M) in  th e  presen ce o f  2 ,6 - lu t id in e  (0 .1 0  U) and 4 -p ic o l in e  
(0 .0 2  M), v/as in je c te d  a f t e r  one m inu te, onto an Apeizon K 
column a t  120®, v /ith  n itr o g e n  a s  the c a r r ie r  g a s . The 
chromatogram i l l u s t r a t e d  in  F igure 1 7 (a ) was o b ta in ed , which  
shows a la r g e  peak corresp ond ing to  ^r^hloropheny 1 a c e t a t e .  The 
r e te n t io n  tim es o f  a l l  th e  r e a c ta n ts  and p rod u cts were de te  m in e d  
im m ediately  p r io r  to  r e a c t io n  m ixture a n a ly s is ,  and i t  was a ls o  
shown th a t  a m ixture o f  p^-clilorophenol (0 .0 1  M) and a c e t ic  
anhydride (0 .0 5  M) gave no a c e ta te  peak a f t e r  s e v e r a l h ou rs.
The a c e ta te  peal: in  th e  chromatogram corresponds to  69^ r e a c t io n ,
xxv) R eaction  o f  p -ch lorop h en o l (0 ,0 1  M) w ith  a c e t i c  anhydride  
(0 .0 5  M) in  th e  p resen ce  o f  2 . 6 - lu t id in e  (0 ,1 0  M) and 
v a r io u s  b a ses  in  carbon te tr a c h lo r id e  a t  25®,
A s e r ie s  o f  b a ses  were u sed  in  order to  study t h e ir  e f f e c t  
on the i n i t i a l  f a s t  r e a c t io n  observed  in  the p resen ce  o f
2 ,6 - l u t i d i n e .  Samples were taken  from th e r o a c t io n  m ixture a f t e r  
one m inute and, a s  the subsequent r e a c t io n  was s lo w , th e  a c e ta te  
c o n c e n tr a tio n  found a f t e r  one m inute was taken to  be s o le ly  
produced by th e  i n i t i a l  rap id  r e a c t io n . R e p r o d u c ib ility  was very  
good and tlie  r e s u l t s  are g iv e n  in  Table 3 :2 8 . ,
By p lo t t in g  th e  base pK  ^ a g # n s t  ^ r e a c t io n , a  l in e a r  
c o r r e la t io n  i s  ob ta in ed  which shows th a t  a s  the base pK^  ^
in c r e a s e s  the m o la r ity  o f  a c e ta te  produced in  th e  i n i t i a l  f a s t  
r e a c t io n  a ls o  in c r e a s e s  (F igu re 17 (b ) ) .  The r e s u l t s  in  
Table 3*28 a ls o  show th a t  a s  th e  base m o la r ity  i s  reduced , th e  
p ercen tage  i n i t i a l  r e a c t io n  d e c r e a s e s . .
111
Fig, 17(a ) Gas chromatogram o f reaction  mixture. Experiment ::::iv
Apiezon K at 120 , I 5 p . s . i .  N
A. g-chlorophenol
B. g-chlorophenyl aceta te
C. if-p ico lin e
D. 2 ,6 - lu t id in e
/
F ig . 17(b) Reaction o f p-chlorophenol (O.Olli) w ith a c e t ic  anhydride (0.05^0 








p y r id in e
3 - p ic o l in e
4 -p ic o l in e
3 ,4 - lu t id in o  
3 f 4 - lu t id in e  
3 9 4—lu t id in e
TABLE 3>28 








a o e ta to  (M) 
0 .00350  
0 .00525  
0 .00655  
0 .00850  
0 .00690  
0.00445
0 r e a c t io n  
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5 2 .5




x x v i)  R eaction  o f  proh lorop h en ol (0 .0 1  M) w ith  a c e t i c  anhydride  
(0 .0 5  M) in  th e  p resen ce  o f  2 .6 - lu t id in e  to g e th e r  w ith
3 .4—lu t id in e  in  carbon t e tr a c h lo r id e  a t  25^.
29 6 -L u tid in o  does n o t c a ta ly s e  a r e a c t io n  betv;een j> -cliloro-  
p henol and a c e t i c  an h ydride. Even a t  h i ^ e r  c o n c e n tr a tio n s  
than  0 .0 5  M th e  i n i t i a l  f a s t  r e a c t io n  produces o n ly  a  a a a l l  
amount o f  ^ c lilo r o p h e n y l a c e ta te  and no fu r th e r  r e a c t io n  occurs^  
Table 3*29 .
TABLE 3*29
- lu t id in e tim e D rchlorophenyl >0 r e a c t io n
(M) (min) a c e ta te  (H)
0 .0 5 1 0 0
0 .1 0 1 0 .0 0 0 6 6
0 .1 0 60 0 .0 0 0 6 6
0 .2 0 1 0 .0014 14
p^O hlorophenol (2 cm^) was added to  a s o lu t io n  o f  a c e t ic
anhydride (0 .0 5  M) and 2 , 6 - lu t id in e  (0 .1 0  M) and th r ee  sam ples 
talcen in  the f i r s t  hour. A fte r  e ig h ty  m inutes a s o lu t io n  o f
3 ,4 - .lu t id in e  (2  cm^^to g iv e  0 .0 2  M i n  th e  r e a c t io n  m ixtu re) was
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added v/liich i n i t i a t e d  a f a s t  r e a c t io n  g iv in g  over  lOfo r e a c t io n  
in  one m inute. Tlio r e s u l t in g  r e a c t io n  was th en  slow  compared 
w ith  th e  ex p ected  r a te  f o r  3 ,4—lu t id in e  c a t a l y s i s .  The 
r e p r o d u c ib il i ty  o f  th e se  r e a c t io n s  was e x c e l le n t  and th e  same 
r e s u l t s  were ob ta in ed  u s in g  p o ly th en e r e a c t io n  v e s s e l s .  This 
r e a c t io n  was rep eated  u s in g  2 ,6 - lu t id in e  (0 .0 2  M) s o lu t io n s  
which gave more than  90^ f a s t  p rod u ction  o f  a c e t a t e .
Experim ents were c a r r ie d  out in  which ( i )  the 2 ,6 - lu t id in e  v/as 
added a f t e r  the 3 ,4 - lu t id in e  and ( i i )  both  2 ,6 - lu t id in e  and
3 ,4—lu t id in o  were added to g e th e r  to  i n i t i a t e  r e a c t io n . In both  
c a se s  an i n i t i a l  f a s t  p rod u ction  o f  g^ ch loroph en yl a c e ta te  v;as 
ob served .
x x v i i )  l^ iv e s t ig a t io n  o f  th e  i n i t i a l  rap id  fo im a tio n  o f  e s t e r  in  
the r e a c t io n  betw een p h en o ls and a c e t ic  anhydride in  the  
p resen ce o f  b a s e s .
The e f f e c t  o f  p y r id in e  b a ses  s u b s t itu te d  v/ith  m ethyl groups 
in  the o c -p o s i t io n  were s tu d ie d  to  determ ine th e  e f f e c t  o f  
in c r e a se d  base s tr e n g th  ( o f  the norm ally  n o n -c a ta ly t ic  b ase) on 
th e  i n i t i a l  a c e ta te  foim ^-tion. Tlie r e a c t io n  in v e s t ig a te d  was 
th a t  between n -ch lo ro p h en o l (0 .0 1  M) and a c e t ic  anhydride (0 .0 5  M) 
in  th e  p resen ce  o f  4—p ic o l in e .  Resul^^ are g iv e n  in  Table 3%30.
TABIÆ.lj30  ,
. • t
4 - p ic o l in e  base base m o la r ity  t in e  i n i t i a l
(M) (M) (min) r e a c t io n
0 .0 2 - - 1 17 *
0 .0 2 . 2 -p ic o l in e 0 .3 0 1 63 .5
0 .0 2 2 ,6 - lu t id in e 0 .1 0 1 65 .5
0 .0 2 2 , 4 , 6 -co l] , id in e 0 .1 0 1 81 .5
0 .2 0 — 1 95
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a t  C on cen tration  o f  a c e ta te  a f t e r  1 min# normal r e a c t io n  t im e . 
From th o se  r e s u l t s  I t  can he seen  th a t  th e  e f f e c t iv e n e s s  o f  
th e  s t e r i c a l l y  h in dered  b a s e s , in  c a ta ly s in g  th e  i n i t i a l  rap id  
r e a c t io n , i s  in  the order 5
2 ,4 ,6 - c o l l id i n e  ^  2 ,6 - lu t id in e  ^  2 -p ic o lin e #
I t  i s  a ls o  apparent th a t  th e  n o n - s t e r ic a l ly  h in d ered  b a ses  a ls o  
produce t h i s  f a s t  r e a c t io n , aJ.though in  th e se  c a s e s  th e  i n i t i a l  
p rod u ction  o f  a c e ta te  i s  much more d i f f i c u l t  to  determ ine  
q u a n t i t a t iv e ly , due to  th e  en su ing  f a s t  rea c tio n #  The i n i t i a l  
ra p id  r e a c t io n  was n o t fo llo w e d  k i n e t i c a l l y  f o r  two reason s;
( i )  th e  co n v en tio n a l quenching tech n iq u e used  here cou ld  on ly  
sample th e  r e a c t io n  m ixture a f t e r  a minimum t in e  o f  one m inute, 
and ( i i )  continacm s product a n a ly s is  tech n iq u es f o r  t h i s  r e a c t io n  
are n o t p o s s ib le ,  e lim in a t in g  th e  p o s s ib le  u se  o f  f lo w  or  
sto p p ed -flo w  te c h n iq u e s .
S evera l r e a c t io n s  were c a r r ie d  out in  which the m ixture was 
s t ir r e d  c o n tin u o u s ly , u s in g  a  m agnetic stirrcr^^and fo llo w e r  
( t e f l o n  c o a te d ) , in  p o ly b u ty len e  r e a c t io n  v e s s e l s .  \*hen 
£ -ch lo ro p h e n o i. (0 .0 1  M) i s  r ea c te d  w ith  a c e t ic  anhydride (0 .0 5  M)
. in  th e  p resen ce  o f  p y r id in e  (0 .0 2  M) a t  0® in  carbon  
t e t r a c h lo r id e ,  a  f i r s t  ord er  r e a c t io n  i s  observed v /ith  a  r a te  
con stan ti = 1 .7 2  x 10*“^  sec" ^ . The in te r c e p t  on the  
lo g  a / ( a - x )  o rd in a te  r e p r e se n ts  7^ rea c tio n #  These r e a c t io n s  
th u s gave very  s im ila r , r e s u l t s  to  th e  n o n -s t ir r e d  r e a c t io n s .
V arious p h en o ls were u sed  in  t h i s  r e a c t io n  to  study how the  
a c id i t y  o f  th e  phenol a f f e c t e d  th e  i n i t i a l  a c e ta te  p rod u ction . 




p resen ce  o f 2 ,6 - lu t id in o  a t  2 5 ° . •
phenol phenol m o la r ity 2 . 5 - lu t  id in e /o r e a c t io n
(M) (M) •
£ - f lu o r o - 0 .0 1 0 .1 0 13
£ -c h lo r o - 0 .0 1 0 .1 0 6
m -n itr o - 0 .0 0 5 0 .1 0 lioo
£ - f lu o r o - 0 .0 1 0 .1 0 0
o - n i t r o - 0 .005 0 ,1 0 0
The r e a c t io n  o f  o -n itr o p h e n o l was fo llo w ed  by in fr a r e d  
sp ec tro sco p y  in  th e  fundam ental carbonyl s tr e tc h in g  r eg io n  
w ith ou t quenching and, a f t e r  fo u r  h ou rs, no a b so rp tio n s  due to  
£ -n itr o p h e n y l a c e ta te  cou ld  be d e tec ted #  This method o f  
a n a ly s is  was checked by gas l iq u id  chromatography, which a g a in  
showed no peaks o th e r  than th ose  a t t r ib u ta b le  to  th e  rea c ta n ts#  
The r e a c t io n  o f  ^ f lu o r o p h e n o l  was quenched and an a lysed  a s  f o r
2 -c h lo r o  p h en o l.
x x v i i i )  S p ec tro sco p ic  in v e s t ig a t io n  o f  th e  r e a c t io n  sy stem s.
Gold and Jefferson^ ^ ^  stu d ied  a p y r id in e  and a c e t ic  
anhydride equim olar m ixture i n  carbon te tr a c h lo r id e  by in fr a r e d  
sp ectroscop y*  They cou ld  f in d  no ev id en ce  f o r  any complex 
form ation  between th e se  two compounds. I t  was a ls o  found th a t  
th e  u l t r a v io l e t  a b so rp tio n  sp ec tra  o f  p y r id in e  and a c e t ic  
anhydride in  cyclohexane was s t r i c t l y  a d d it iv e .  In t h i s  work 
an in fr a r e d  spectrum  o f th e  system  2 ,6 - lu t id in e  (0 .0 8 8  M),
3 ,4 - lu t id in e  (0 .0 4 4  M) and a c e t ic  anhydride (0 .0 4 4  M) was 
exam ined. T his spectrum was a d d it iv e ,  th ere  b e in g  no ev id en ce
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f o r  any change in  in t e n s i t y  o r  p o s i t io n  o f  the bands due to  
carb onyl v ib r a t io n s .
Gold and J e ffe r s o n  a ls o  measured th e  c o n d u c t iv ity  o f  a 
s o lu t io n  o f  p y r id in e  and a c e t ic  anhydride in  dry aceton e  and 
determ ined th e  f r e e z in g  p o in t  o f  s o lu t io n s  in  benzene. N e ith er  
o f  th e se  experim en ts in d ic a te d  any in t e r a c t io n  betw een th e se  two 
compounds.
Jencks^^*^^ m s  a b le  to  observe an a ce ty lp y r id in iu m  io n
by m ixing aqueous s o lu t io n s  o f  p y r id in e  and a c e t ic  anhydride in
a sto p p ed -flo w  ap p aratu s. The fo m a t io n  and disappearance  
(h y d r o ly s is )  o f  t h i s  s p e c ie s  was measured a t  200 nm by u l t r a ­
v i o l e t  sp ec tro sco p y  ov er  a  tim e s c a le  o f  approxim ately  one 
m inute. The e x is te n c e  o f  such a s p e c ie s  i s  now c e r ta in  in  
aqueous media but in  n o n -p o la r  s o lv e n ts  th ere  i s  s t i l l  no 
ev id en ce  f o r  i t s  fo im a tio n . The s t a b i l i t y  and r e a c t iv i t y  o f  
such a s p e c ie s  in  n o n -p o la r  s o lv e n ts  i s  d is c u sse d  in  S e c tio n  4 .
S o lu tio n s  o f  £ -n itr o p h e n o l and tr ie th y lo m in e  in  a p r o t ic
111s o lv e n ts  have been in v e s t ig a te d  lonj B e l l  and Barrow u s in g  
u l t r a v io l e t  sp ec tro sco p y . The u l t r a v io l e t  spectrum u s u a lly  
appears a s  two broad, p a r t ly  overlap p in g  bands, one in  the  
v i c i n i t y  o f  320 nm and the o th e r  a t  400 nm. The £ -n itr o p lie n a te  
io n  i s  known to  have an a b so rp tio n  a t  400 nm and so the  
e x is te n c e  o f  a  tau tom erism ,o f th e  form shown below , v/as 
su g g e s te d . The so lv e n t  used v r s  ch loroform .
^ oh----?E3 ^
119
The e x is to n c o  o f  a m -n itrop henate io n  cou ld  r e a d ily  e x p la in  the
i n i t i a l  rap id  fo m a t io n  o f  m -n itrop h en yl a c e ta te  in  the
a c y la t io n  r e a c t io n  in v e s t ig a te d  h e r e .
Libus and Moslca^^ have s tu d ied  s o lu t io n s  o f  ^ -n itr o p h e n o l
and p y r id in e  (and i t s  s u b s t itu te d  d e r iv a t iv e s )  in  ch lorobenzene
by u l t r a v io l e t  sp ectroscop y  and have been unable to  observe a
11*5phonate io n  in  t h i s  s o lv e n t .  However, Hudson e t  a l .  have 
observed  th e  a b so rp tio n  due to  the £ -n itr o p h e n a te  io n  in  
cy c lo h ex a n e , but h ere n -butylam ine v/as a c t in g  a s  th e  base and 
v/as p r e sen t a t  very  h ig h  c o n c e n tr a tio n s  (5^ by volum e) ,  th u s  
changing a p p rec ia b ly  th e  so lv e n t  p r o p e r t ie s .
Here, a s o lu t io n  o f  m -n itrop h en ol (5 .5  x  10“^M) and
2 . 6 - lu t id ir .e  (0 .0 2  M) in  carbon t e tr a c h lo r id e  was s tu d ie d  u s in g  
a Pyo Unicom SP 1800 UV sp ectrom eter . 1 cm matched s i l i c a  c e l l s  
VTore u sed . The ^ n itr p p h e n o l  s o lu t io n  a lon e  gave an a b so rp tio n  
band cen tred  a t  316 nm, which moved to  330 nm in  th e  presen ce  o f
2 .6 - l u t i d i n e .  T his l a t t e r  band v/as a ss ig n e d  to  the liydrogen- 
bonded com plex. No o th e r  a b so rp tio n  bands were p resen t in  th e  
r e g io n  390 -  400 nm, c h a r a c t e r is t ic  o f  a  m -n itrop henate io n ,  
even  when th e  m -n itrop h en ol c o n c en tr a tio n  was in c re a se d  to  
1 .1  X 10“  ^ M. I t  can be concluded from t h i s  work th a t ,  i f  any 
m -n itrop h en ate  io n  e x i s t s  in  th e  r e a c t io n  m ix tu re , i t  must be 
p r e sen t in  v ery  sm all q u a n t i t ie s .
No ev id en ce  has been rep orted  f o r  a m -n itrop henate io n  in  
a p r o t ic  s o lv e n t s .  Even th e  p o s i t iv e  id e n t i f i c a t io n s  o f  the  
£ -n itr o p h e n a te  io n  have u s u a l ly  been in  s o lv e n ts  co n ta in i ng a 
c o n sid er a b le  amount o f  b a se . Two fu r t l ie r  experim en ts were 
c a r r ie d  out to  observe th e  j^ n itro p h en a te  io n  in  th e  u l t r a v io l e t
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r e g io n  o f  th e  spectrum . Chloroform was u sed  a s  so lv e n t  fo r  the  
phenol and th e  b a se , and th e  exp erim en ta l c o n d it io n s  were a s  
d e sc r ib ed  above.
(a )  A s o lu t io n  o f  m -n itrop h en ol (5 x  10*^ M) and
2 ,6 - lu t id in e  (5 :clO**^  13) shovæd no a b so rp tio n  band due to  the  
m -nitrophonate io n .
(b ) A s o lu t io n  o f  m -n itrop henol (5 x  10"*'^  M), iso -b u ty la m in e  
(5 X 10~3 M) and d im ethyl su lp h oxid e (0 .2 5  M) a ls o  showed no 
a b so rp tio n  band due to  th e  m -n itrop henate io n .
Scott^^^ has shovm th a t  prim aiy a l ip h a t ic  am ines have la r g e r  
a s s o c ia t io n  c o n sta n ts  v /ith  £ -n itr o p h e n o l than t e r t ia r y  a l ip h a t ic  
am ines in  d im etliy l su lp h o x id e . T liis i s  due to  d im ethyl 
su lp h ox id e  a c t in g  a s  a  proton  a c ce p to r  to  form hydrogen-bonded  
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No s im ila r  s p e c ie s  was observed here v.d.th m -n itrop h en ol 





The f a s t  p rod u ction  o f  m -n itrop h en yl a c e ta te  cou ld  be due 
to  a  rap id  eq u ilib r iu m  o f  the f o m
II II
GHj-O-O-O-Glj
T his type o f  eq u ilib r iu m  would e x p la in  why, a t  some 
2 ,6 - lu t id in e  c o n c e n tr a t io n s , the r e a c t io n  does n o t go to  
com pletion* The components on the r ig h t  hand s id e  o f  t h i s  
e q u ilib r iu m  v/ere put to g e th e r  a t  v a r io u s  c o n c en tr a tio n s  and the  
system  an a lysed  by u l t r a v io l e t  sp ec tro sco p y  f o r  the hydrogen- 
bonded m -n itrop h en ol com plex. System s s tu d ied  were
(a ) 2 ,6 - lu t id in e  (0 .0 1  M), a c e t ic  a c id  (0 .0 0 5  M) and 
m -n itrop h en y l a c e ta t e .
(b ) 2 ,6 - lu t id in o  (0 ,0 2  M), a c e t ic  a c id  (0 ,0 2  M) and 
m -n itrop h en yl a c e ta te  (0 .0 1  M).
(c )  a s  (a )  w ith  a c e t ic  anhydride (0 .0 4  M).
(d ) a s  (b) w ith  a c e t ic  anhydride (0 .0 4  M).
No ev id en ce  cou ld  be found in  any o f  th e se  s o lu t io n s  fo r
m -n itrop h en ol e x is t in g  ih  the fr e e  or  hydrogen-bonded s t a t e .
] T7 1T8R ecen tly , Wood and h i s  co-w orkers '  ^ recorded  the  
in fr a r e d  sp ec tra  o f  s p e c ie s  such a s  (1 ) and (2 ) and o th e rs  











Those c a t io n s  are thought to  he l in e a r  ( N. . .H . , .N )  and 
co p la n a r . S p e c ie s  (3 ) has n o t been observed* These s p e c ie s  
u s u a l ly  e x h ib it  a t  l e a s t  two bands between 2000 and 2700 cm*"^ , 
v/here e x c e s s  base a c t s  a s  th e  s o lv e n t  f o r  th e se  p y r id in e  s a l t s *  
S p ectra  have a ls o  been recorded  in  a c e t o n i t r i l e  and nitrom etliane • 
No sp e c tr a  o f  th e se  s a l t s  cou ld  be ob ta in ed  in  carbon  
to tr a c h lo r id e  due to  low  s o l u b i l i t y  when co u n ter io n s such a s  
or  C10^“" are p re se n t  * ^ ^  Here, in fr a r e d  sp e c tr a  were run 
o f  the fo llo w in g  system s in  carbon te tr a c h lo r id e
(a )  ]>-chlorophenol (0 .0 1 1  K)
(b ) ^ c h lo r o p h e n o l (0*011 M) w ith  2 ,6 - lu t id in e  (0*12 M)
(c )  ]> -chlorophenol (0*011 ffi) v /ith  3 ,4—lu t id in e  (0 .0 2  M)
(d ) £;-ch lorophonol (0*011 M) w ith  2 ,6 - lu t id in e  (0*12 M) and
3 ,4—lu t id in e  (0*02 M).
No new a b so rp tio n  bands appeared in  th e se  sp ec tra  a lth ou gh  th e
r e g io n  betw een 2000 and 2700 om"  ^ was c o n sid era b ly  masked by th e
a b so rp tio n  o f  th e  hydrogen-bonded hydroxyl group.
i? oL ezina e t  a l*  have s tu d ie d  s o lu t io n s  o f  2 ,6 - lu t id in e  and
m -n itrop h en o l in  carbon t e tr a c h lo r id e  and have found ev id en ce
f o r  th e  p roton ated  2 ,6 - lu t id in e  io n  by NT5R sp ectro sco p y  ( ^ N i-H  
a t  = 1 2 .5  ppm)*^^^ These experim ents were rep eated  here
u s in g  a 100 MHz V arian NMR sp ectrom eter , but no s ig n a l  cou ld  be 
a ss ig n e d  to  th e  p roton ated  lu t id in e  sp r c ie s*  The c o n c en tr a tio n  
o f  ^ n it r o p h e n o l  was v a r ie d  from 0*5mg/cm^ to  30mg/cm^ and th a t  
o f  2 ,6 - lu t id in e  from 0.5mg/cm^ to  50mg/cm^*
S o lu t io n s  o f  £ -ch lo ro p h en o l (0 .0 1  -  0*10 M) and 2 ,6 - lu t id in e  
(0 .0 2  -  0 .1 0  M) in  carbon t e tr a c h lo r id e  were s tu d ie d  u s in g  a 
60 MHz V arian NÎÆR sp ectrom eter  coupled  to  a computer o f  averaged  
t r a n s ie n t s .  A gain, no s ig n a l  corresp ond ing  to  a proton ated
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p y r id in e  io n  cou ld  be d e te c te d . A ll  sp e c tr a  were recorded a t  
th e  sm bient tem perature o f  th e  m achine.
x x ix )  C om petitive r e a c t io n s  o f  p h en o ls w ith  a c e t i c  anhydride in  
carbon t e t r a c h lo r id e .
(1 )  R e a c tio n , o f  p -c r e s o l  (0 .0 5  (0*05 M)
w ith  a c e t ^  ^pnhvdride (0 ,0 5  M) in  t h e  o f  p y r id in e
in  carbon a t  0 ° .
A fte r  one week, no r e a c t io n  cou ld  be d e te c te d  in  a s o lu t io n  
o f  j> -creso l (0 .0 5  M), £-clT lorophenol (0 .0 5  M) and a c e t i c  
anhydride (0 .0 5  M) in  carbon te tr a c h lo r id e  a t  0^. To i n i t i a t e  
th e  r e a c t io n  p y r id in e  s o lu t io n  was added and th e  r e a c t io n  m ixture  
l o f t  f o r  se v e r a l d ays. The r e s u l t s  ob ta in ed  h ere were very  
s im ila r  to  th o se  ob ta in ed  i f  the r e a c t io n  m ixture was l e f t  f o r  
se v e r a l  v/eeks. The r e s u l t s  are summarized in  Table 3 s 32# 
E xperim ental d e t a i l s  are g iv e n  in  S e c tio n  2 .
TABLE 3:32
:>-cIilorophenyl r a t io  o f  r a te s
a c e ta te  (M) ( c1i1 oi*q p h en o l/p -cr e  s o l  )
p y r id in e
0 .005
0 .0 1 0
0 .0 2 0
0.030
0.050
0 .1 0 0
0 .2 0 0
0 .2 5 0
0 .0295 1*44
0 .0330 1 .9 4
0 .0330 1 .9 4
0 .0330 1 .9 4
0 .0330 1 .9 4
0 .0330 1 .9 4
0 .0330 1 .9 4
0.0335 2 .0 3
At a ll, c o n c e n tr a tio n s  o f  p y r id in e  s tu d ie d , more 
£ -ch lo ro p h en y l a c e ta te  i s  produced tlian  £ ;-cresy l a c e ta te
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( 2 )  B e o o t l o n  o f  g w Q itrô T 3 h e n o l ( 0 .0 0 5  M) o n û  o t h e r  vHm niAm
( 0 .0 0 5  là) w i t h  Q c o t i o  o n h y O r ld e  ( 0 .0 0 5  H ) l a  t h e  j f i f Q j a M^ 
o f  4^m dliix)thylai±üiO T% 7^ ( 0 .0 2  U )  a t  2 5 ^ #
L ooo  t h o a  o n e  m i n u te  l e  r e q u i r e d  f o r  o o a p l o t o  r é a c t i o n  -  
b e t \7 o e n  o - n l t r o p h o z i o l  (0 * 0 0 5  K ) a n d  a c o t l c  a n h y d r i d e  (0 * 0 0 5  M) i n  
t h e  p r e o e n o e  o f  4«*BMAP (0 # 0 2  B ) .  v i ie n  a n o t h e r  p h e n o l  i s  p r o o e n t  
i n  a  o o D p o t i t l v o  r é a c t i o n  f o r  t h o  a n h y d r i d e ,  t h e  r o o i d u a l  
g - n i t r o p h e n o l  m ay b e  e o t l n a t e d  a t  t h e  e n d  o f  t h e  r e a c t i o n  b y  
o h o ld n c  t h o  o r g a n i c  p h a o e  w i t h  w a t e r  a n d  a n a l y a i a g  f o r  t h e  
m - n i t r o p h e m t e  i o n  b y  v i s i b l e  s p e c t r e o o o p y  i n  t h e  u s u a l  w ay*
Bo s u i t s  a r e  g i v e n  i n  T a b le  3 * 3 3 #  T he  p r o d u c t  a n a l y s i s  w a s  
c a r r i e d  o u t  o n e  h o u r  a f t e r  r e a c t i o n  i n i t i a t i o n *
D liq n o l g y - n l t r o p h o n r / l  a o o t a t o
(K)
p h e n o l  0 * 0 0 2 9
jQ - c I i lo r o p h o n o l  0 * 0 0 2 6
T > -b ro c io p h o n o l 0 * 0 0 2 6
T h o se  r e s u l t s  a r e  i n a c c u r a t e  s i n c e  a ^ n i t r o p h e n y l  a c e t a t e  i s  
s l i g h t l y  h y d r o l y s e d  ^  a n  a q u e o u s  s o l u t i o n  o f  4—IXilAP ( t h e  4—BMAP 
i s  t r a n s f e r r e d  t o  1 # o  a q u e o u s  p h a s e  d u r i n g  a n a l y s i s } *  
^ N i t r o p h c m y l  a o o t a t o  s o l u t i o n  (2 * 5  x  lO T ^  U )  i n  c a r b o n  
t o t r a c h l o r i d o ,  vd ien  h h a h o n  w i t h  a h  a q u o o u o  s o l u t i o n  o f  4-3%3Af 
(0 * 0 2  M ), t r o a s f o r s  8  z  10"*^ M g < i i t r o i ) h e n a t o  i o n  i n t o  t h e  
a q u e o u s  p h a s e  a f t e r  o n e  m in u te *  S in c e  t h i s  i n a c c u r a c y  d e p e n d s  
u p o n  t h o  s h a k i n g  t i m e  i n  t h e  a n a l y s i s  p r o c e d u r o ,  w li io h  i s  v e r y  
d i f f i c u l t  t o  k o o p  c o n s t a n t  ( t i n e  o f  s h a k in g #  v i g o u r  o f  h a n d  
s h a k i n g ,  e t c * ) ,  e x a c t  q u c a a t i t a t i v o  r e s u l t s  w e re  n o t  p o s s i b l e *
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However, t h i s  in accu racy  w i l l , in  a l l  c a s e s ,  tend to  g iv e  low  
r e s u l t s  f o r  tho q u a n tity  o f  m -n itrop h en yl a c e ta te  produced and 
i t  i s  reason ab le  to  say t h a t ,  in  th e  r e a c t io n s  s tu d ie d ,  
m -n itrop h en ol r e a c ts  to  g iv e  over 50^ m -n itrop h en yl a c e ta te  in  
tho f i n a l  product a n a ly s is .
B. A c y la tio n  r e a c t io n s  o f  compounds c o n ta in in g  In tram olecu lar  
hydrogen bonds and o f  compounds e x is t in g  a s  s e l f - a s s o c ia t e â  ' 
s n o c io s .
i )  A c é ty la t io n  o f  o -  and p-m ethoxybenzyl a lc o h o ls  vdLth a c e t i | l
anhydride in  carbon te tr a c h lo r id e  a t  2 5 ° .
The hydroxyl group in  o-m ethoxybenzyl a lc o h o l i s
s u b s t a n t ia l ly  in tr a m o le c u la r ly  hydrogen-bonded in  carbon  
122 12"%te t r a c h lo r id e ,  '  ^ whereas th a t  o f  £-m ethoxybenzyl a lc o h o l
shows no such in t e r a c t io n .  The in fr a r e d  sp ec tra  o f  th e se  
canpounds in  th e  fundam ental hydroxyl s tr e tc h in g  r eg io n  liave n o t  
been rep orted  e lsew h ere and are i l l u s t r a t e d  in  F igure 18*
2 ~H ethoxybenzyl a lc o h o l has ju s t  one sharp a b so rp tio n  in  t h i s  
r e g io n  a t  3620 ccT^ v;heroas th e  o-m ethoxy compound has a broader  
a b so rp tio n  a t  3610 cm“^ w ith  a  sh ou ld er  a t  3630 cm*^. The oxygen  
atoms o f  the hydroxy and e-m ethoxy groups can approach a s  n ear  a s  
0 .2 5  nm a llo w in g  a liydrogen bond to  be fo im ed , and in d eed , such  
a c o n f ig u r a t io n  i s  probably th e  most s ta b le  one a llow ed  in  a  
n o n -p o la r  s o lv e n t .  K in e t ic  s tu d ie s  were c a r r ie d  out on th e se  
two isom ers and r e s u l t s  are g iv e n  below . Good l in e a r  
c o r r e la t io n s  were ob ta in ed  up to  805  ^ r e a c t io n  when lo g  a / ( a - x )  
m s  p lo t t e d  a g a in s t  tim e , where a  = i n i t i a l  c o n c e n tr a tio n  o f  
a lc o h o l and x = c o n c e n tr a tio n  o f  a c e ta te  a f t e r  tim e t .  No
1 2 6
i n i t i a l  rap id  p rod u ction  o f  a c e ta te  cou ld  be d e te c te d .
TABLE 38 34
The r e a c t io n  o f  m ethoxybenzyl a lc o h o ls  (0 .0 1  M) v /ith  a c e t ic  
anhydride (0 .1 0  M) a t  2 5 ° .
a lc o h o l r a te  co n sta n t x 10^
(sec" ^ )
£ -n eth o x y b en zy l a lc o h o l 4 .4 2
2 -m ethoxybenzyl a lc o h o l 6 .4 8
i i )  A c é ty la t io n  o f  pyridyX a lc o h o ls  (0 .0 2  M) w ith  a c e t ic  
anhydride (0 .1 0  M) in  i^Mfbon t e tr a c h lo r id e  a t  35^.
Strong in tr a m o le cu la r  hydrogen bonds are known to  e x i s t  in  
3 - ( 2 -p y r id y l) - l-p r o p a n o l ( I )  and 2 - ( 2 -p y r id y l) e tlia n o l ( I I )  i n  
carbon te tr a c h lo r id e  s o lu t io n s .
1
%
( I )  ( I I )
In fra red  sp ec tra  in  th e  fundam ental hydroxyl s tr e tc h in g  
r e g io n  o f  ( I )  and ( I I )  are g iv en  in  F igure 1 8 , to g e th e r  w ith  
th a t  o f  3 -p h e n y l-l-p r o p a n o l. The c o n c e n tr a tio n s  o f  a l l  th e se  
compounds are eq u a l. The e x t in c t io n  c o e f f i c i e n t s  o f  3 -p h e n y l-l-  
propanol and th e  p y r id y l a lc o h o ls  were assumed to  be equal and, 
u s in g  a c a l ib r a t io n  curve o f  the f r e e  hydroxyl group a b so rp tio n  
o f  3 -p h e n y l-l-p r o p a n o l, th e  degree o f  hydrogen bonding in  th e  

















































(7 j  eoireq.q.TrasirBj;j,
128
out a t  liig h er  tempe ra tu re  o than in  p rev io u e  work so th a t  th e  
r a te s  o f  r e a c t io n  cou ld  be measured over a  con ven ien t tim e 
in t e r v a l ,  R e su lts  are g iv e n  in  Table 3 :3 5 . F ir s t  order  
dependence was observed  in  a l l  the a lc o h o ls  and no i n i t i a l  rap id  
form ation  o f  a o o ta to  cou ld  be d e te c te d .
TABLE 3>33
A lcoh ol decree o f  hydro/ren r a te  co n sta n t
bondin/T % 10^ ( sec~^ )
3 - (2 -p y r id y l) - l^ p r o p a n o l 66^ 6 .9 1
3 - (4 -p y r id y l) - l -p r o p a n o l  -  9 5 .0
2 - (2 -p y r id y l)  e th a n o l 84^ 1 .1 8
2 -p h en y lo tiia n o l -  7 .3 9
3 -p h e n y l- l-p r o  panel -  1 3 .5
The in fr a r e d  spectrum  o f  2 -p h en y le th a n o l has been rep orted  
by K iuegor and Mettoe^^^ and, in  th e  fundam ental hydroxyl 
s t r e tc h in g  r e g io n , c o n s i s t s  o f  two f a i r l y  w e ll  r e so lv e d
a b so rp tio n  bands ( s e e  F igu re 1 9 ( a ) ) .  The h i^ i  frequ en cy  component
1 ' 
a t  3635 cm i s  a ss ig n e d  to  th e  f r e e  hydroxyl group and the low  4
freq u en cy  component a t  3605 cm"'^  i s  a ss ig n e d  to  th e  hydroxyl
group in tr a m o le c u la r ly  hydrogen-bonded to  th e  arom atic r in g
e le c t r o n s .
i i i )  R eaction  o f  a lco h o l^  ( d .0 2  13) w ith  a c e t ic  - anhydride (0 .1 0  M) 
4*#' myesen ce  o f  lOTiftillB a t  35^.
A lco h o ls  g e n e r a lly  ten d  to  have low  a s s o c ia t io n  c o n sta n ts  
w ith  p y r id in e , compared to  th o se  o f  p h e n o l s , I f  the r e a c t io n  
betw een a lc o h o ls  and a c e t i c  anliydride in  the p resen ce  o f  p y r id in e  
i s  an example o f  g en era l base c a t a l y s i s ,  i t  would be exp ected  
th a t  th e  r e a c t io n  would bo in s e n s i t iv e  to  changes in  p y r id in e
1 oo








l/avem m ber (cn  ")
F ig . 19(b) R eaction o f a lcohols (0.02M) with a c e t ic  anhydride ( O.IOM) 
in  the presence o f  pyrid ine a t 35°.
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c o n c e n tr a tio n  compared w ith  the p h en o lic  r e a c t io n  (s e e  t h i s  
s e c t io n  A, i v  ) .  Experim ents were c a r r ie d  out on two system s, 
r e s u l t s  are g iv e n  in  Table 3836.
TABLE 3:36
A lcoh o l p y r id in e  r a te  co n sta n t % 10^
(0 .0 2  M) (M) (sec**^)
3 - (  2 -p y r id y l ) - l-p r o p a iio l 0 7 .0 3
If 0 .0 4 8 .3 3
II 0 .0 9 8 .6 8
II 0 .1 2 9 .3 1
3-pheny 1 -1 -  pro pan el 0 9 .0
n 0 .0 3 1 1 .4
If 0 .0 6 1 3 .0
n 0 .0 9 1 4 .1
II 0 .1 2 1 4 .3
F ir s t  ord er  dependence was found in  the a lc o h o l in  a l l  
th e se  r e a c t io n s  and no i n i t i a l  rap id  fo im a tio n  o f  a c e ta te  cou ld  
be d e te c te d . 1 ^
3-Pheny 1 -1 -p ro p a n o l (0 .0 2  M) was r ea c te d  w ith  a c e t i c _ 
anhydride (0 .1 0  M) in  tho p resen ce  o f  2 -p ic o l in e  (0 .1 2  M). A  ^
pseudo f i r s t  ord er  r a te  co n sta n t o f  6 .6 2  x  10"*  ^ sec“ ^ was 
o b ta in ed , showing the r e a c t io n  to  be s lo w e r ^ if  no p y r id in e  base  
was p r e sen t in  the system . These r e s u l t s  are i l l u s t r a t e d  in  
f ig u r e  1 9 (b ) .
i v )  R eaction  o f  phenol w ith  t r i f lu o r o a c e t ic  anhydride in  carbon  
t e tr a c h lo r id e  a t  0 ° .
Phenol i s  knovm. to  s e l f - a s s o c i a t e ,  tlirough hydrogen bonding, 
in  carbon te tr a c h lo r id e .^ ^ ^  I t  was o f  in t e r e s t  to  determ ine
13 1
w hether t h i s  a s s o c ia te d  s p e c ie s  i s  r e a c t iv e  o r  n o n -r e a c tiv e  
tow ards a c y la t in g  rea g e n ts  in  n d n -p o lar  m edia. (See the work o f  
K o sliilca llio  in  S e c tio n  1 and the fo llo v /in g  experim ent B ( v ) ) .  
U n fo rtu n a te ly  phenol and a c e t ic  anliydride do n o t r e a c t  a lon e  in  
carbon t e t r a c h lo r id e .  Phenol does r e a c t  w ith  t r i f lu o r o a c e t ic  
anhydride^^ and, w ith  phenol in  e x c e s s ,  • pseudo f i r s t  order r a te  
c o n sta n ts  cou ld  be o b ta in ed . R e su lts  are g iv en  in  Table 3*37,
TABLE 3*37
phenol kg x 10^ t r i f lu o r o a c e t ic  k ^ /(P h en o l) x 10^
(M) (oec"^) aniiydride (M) (rr^  sec"'
0 .0 2 5 0 .7 4 0 .0 0 4 8 2 9 .6
0 .0 5 0 . 2 .3 4 0 .0 0 4 8 4 6 .8
0 .1 0 0 5 .2 4 0 .0 0 4 8 5 2 ,4
0 .1 5 0 9 .8 9 0 .0 0 4 8 6 5 .9
0 .2 0 0 13 .1- 0 .0048 65 .5
The second order r a te  co n sta n t (found a s  th e  r a t io  k ^ (P h en o l)  
h sra ) can be seen  to  in c r e a se  up to  0 .1 5  15. AjpXot o f  lo g  k^ 
a g a in s t  lo g  phenol c o n c e n tr a tio n  i s  l in e a r  w ith  a  s lo p e  o f  0 .7 2 ,  
which im p lie s  th a t  t h i s  r e a c t io n  rem ains f i r s t  ord er  in  the phenol 
throughout t h i s  c o n c e n tr a tio n  range. Tlw r a te  c o n sta n ts  were 
rep ro d u c ib le  to  about 10^. The o rd in a te  in te r c e p t  o f  the  
lo g a r ith m ic  p lo t  in  F igure 20 i s  0 .7 4 ,  which should  equal 
l o g  k^ + 3 , where k^ i s  th e  second ord er r a te  c o n s ta n t , i f  th e  
r a te  eq u a tio n  can be ex p ressed  a s  *-
Rate = k ^ (P h e n o l) (T r if lu o r o a c e t ic  anhydride)
= k _ ( T r if lu o r o a c e t ic  anhydride)V ®
The pseudo f i r s t  ord er  r a te  c o n sta n t in c r e a s e s  l in e a r ly  a t  
th e  h ig h er  phenol c o n c e n tr a tio n s  and the exp erim en ta l second
1
F ig . 20 Reaction o f phenol with tr if lu o r o a c e t ic  anhydride (0.0048l‘l)
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order r a te  c o n sta n t becomas co n sta n t a t  about 55*5 % IO^^kTJ-sbc*" ,^ 
T ills v a lu e  v/ould g iv e  an o rd in a te  in t e r c e p t ,  on th e  lo g a r ith m ic  
p lo t ,  o f  0 .8 2  which a g r e e s , w ith in  exp erim en ta l e r r o r , v /ith  the  
v a lu e  o f  0 .7 4  ob ta in ed  above#
v ) R eaction  o f  e th a n o l v /ith  a c e t ic  anliydride (0 .2 3  M) in
carbon te tr a c h lo r id e  a t  4 0 ° .
pp
E o s k ik a llio  found th a t  in  th e  r e a c t io n  betw een eth an o l
and a c e t ic  anh ydride, a s  tho e th an o l m o la r ity  was in c r e a se d , the
second order r a te  co n sta n t d ecrea sed , V/oiic was c a r r ie d  out here  
tft v e r i fy  th e se  r e s u l t s .
The r e a c t io n  was quenched by shaking an a l iq u o t  (2 cn^) o f  
r e a c t io n  m ixture w ith  sa tu ra te d  aqueous potassium  b icarb on ate  
(5 cm*^  f o r  1 m in u te ), the organ ic  phase v/as th en  sep ara ted  and 
shaken w ith  w ater (10 cm*^  f o r  1 m inute) and d r ied  over  magnesium 
su lp h a te . An in fr a r e d  spectrum  was record ed .
At th e  low  e th a n o l c o n c e n tr a tio n s  th e  r a te  c o n sta n t may be 
c a lc u la te d  by assum ing pseudo f i r s t  ord er  k in e t i c s  o r  by 
p lo t t in g  lo g  (o ^ x ) /(b -x )  a g a in s t  tim e,' whez^ a= c o n c en tr a tio n  o f  
anh ydride, b= c o n c en tr a tio n  o f  e tlia n o l and x= c o n c en tr a tio n  o f  
e th y l  a c e ta te  a t  tim e t ,  the s lo p e  o f  t h i s  s t r a ig h t  l i n e  g iv in g  
th e  second ord er r a te  co n sta n t d i r e c t ly .  These tv/o methods 
g iv e  c o n s is t e n t  r e s u l t s .  At h i ^ e r  e th a n o l c o n c e n tr a tio n s ,  
sim ple second order k in e t i c s  were n o t observed , a p lo t  o f  
lo g  ( a - x ) / ( b - x )  a g a in s t  tim e having an upward cu rv a tu re , A good 
l in e a r  c o r r e la t io n  i s  observed  up to  40^ r e a c t io n  and t h i s  was 
u sed  to  c a lc u la te  th e  r a te  c o n sta n t . The r e s u l t s  o f  a t y p ic a l  
k in e t i c  experim ent are g iv e n  in  Table 3*38 and i l l u s t r a t e d  in  












































R eaction  o f  e th a n o l (0 .1 2 5  H) with, a c e t i c  orihydride (0 .2 5  g)
in  carbon to tr a c h lo r id o  a t  40^, -
Tlrao n o la r i t r  o f
(min) a c e ta te  % 10^
35 4 .8 3 1 .9
98 29 3 6 .2
140 39 39
180 4 8 .5 4 2 .1
235 5 9 .5 4 6 .4
290 69 51
345 7 7 .5 56
423 88 6 4 .1
T h is apparent a u to c a ta ly s is  (F igu re 21)  i s  caused  by th e  
a c e t i c  a c id  produced during the r ea c tio n *  A c e tic  a c id  (0 .1 0  M) 
was added to  th e  r e a c t io n  m ixture o f  e th a n o l (0*125 M) and 
a c e t i c  anhydride (0*25 M) and second order k in e t i c s  were 
observed* R e su lts  are g iv e n  in  Table 3:39#
TABLE 3 :3 9
e th a n o l a c e t ic  a c id  r a te  co n sta n t % 10^
(I£) (IS) (IT^ s e c - l )
0#0125 ' - — 2*27 
0 ,1 2 5  -  i 2 .0 9
0 ,2 5  ■ • — ' Cj ' ' ' ; ' ; 1 ,7 9
0 .1 2 5  0 .1 0  - ;rf: ‘ . 6 ,3 4
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C. mt A
•te tr a c h lo r id e  bouiiclc.i^v-. • •
i )  The r e a c t io n  o f  m -n itro phÂ?^ (0 .0 0 5  M) and Isobatarrie
anlrydride (0 ,0 5  M) in  carbon t e tr a c h lo r id e  w lian  w i t h
a sa tu ra te d  aoueous s o lu t io n  o f  potassium  b ica rb o n a te , 
i^ l î i t r o  phenol (0 .0 0 5  M) does n o t r e a c t  w ith  i s o  b u ty r ic  
anhydride (0 .0 5  M) in  carbon te tr a c h lo r id e .  Hov/ever, when t h i s  
s o lu t io n  was shalcen ivith sa tu ra ted  aqueous p o ta s s iu a  b ica rb o n a te , 
some g^ n itrop h en y l iso b u ty r a te  cou ld  be d e te c te d  ( ( i )  ana l y s i s  
o f  th e  organ ic  phase by g a s l iq u id  chromatography shows the  
p resen ce  o f  io o b u ty r a te , ( i i )  a n a ly s is  o f  th e  aqueous phase by 
v i s i b l e  sp ec tro sco p y  in d ic a t e s  a d ecrease  in  ^ n itr o p h e n a te  io n  
c o n c e n tr a tio n  i . e .  r e a c t io n  has o ccu red ). I t  was found th a t  
sh aking th e se  r e a c t io n s  by liand gave good rep rod u cib le  r e s u l t s  
and i t  v/as f e l t  th a t  t h i s  method was p r e fe r a b le  to  m echanical 
a g i t a t io n  f o r  tim e in t e r v a ls  between one and te n  m in u tes.
-A s o lu t io n  o f  ^ n it r o p h e n o l  (0 .0 0 5  M) and is o b u ty r ic  
anhydride (0 .0 5  M) was prepared in  carbon t e tr a c h lo r id e  and 
m ainta ined  a t  25® in  a t l ie m o s ta t te d  w ater bath  f o r  30 m in u tes.
A 1 cm  ^ a l iq u o t  o f  t h i s  s o lu t io n  was added to  a 5 om  ^ a l iq u o t  
o f  sa tu ra te d  aqueous potassium  b icarb on ate  a t  25® in  a 25 cm  ^
se p a r a tin g  fu n n e l, and shaking s ta r te d  im m ed iate ly . A fte r  a  
m easured tim e in t e r v a l ,  shak ing was stopped an d -the tv/o p h ases  
a llo w ed  to  sep a ra te  f o r  one m inu te. The organ ic  phase was th en  
run o f f  and th e  aqueous phase f i l t e r e d  ( t h i s  l a t t e r  procedure  
rem oving a ls o  any carbon te tr a c h lo r id e  in  su sp e n s io n ) . A v i s i b l e  
spectrum  was th en  run o f  th e  aqueous phase on a P erkin—JUmer 
137 UV sp ectrom eter . The m -n itrop henate io n  m s  th en  e stim a ted
1 ?7
F ig . 22 R eaction o f  m-nitrophenol (O.OO5I<0 with anhydrides (0.05M) 
when shaken with saturated  aqueous potassium hydrogen 
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from a c a l ib r a t io n  curve, p r e v io u s ly  ob ta in ed  in  th e  u su a l  
manner# R e su lts  are g iv e n  in  Table 3:40* « ;
TABLE 3:40
Time _ g -n itr o p h e n a te  io n  :: 10^ ^ r e a c t io n
(min) (M)
1 4 4 .7  1 0 .5
, 2 #  26
2 .5  29 42
3 2 5 .3  4 9 ,5
4 2 1 .3  57*5
5 1 6 .5  67
7 12 76
10 7 86
A graph o f  p ercen tage r e a c t io n  a g a in s t  tim e i s  a  smooth 
curve xvhich does n o t p a ss  through the o r ig in .  T his i s  
i l l u s t r a t e d  in  F igure 2 2 . A s o lu t io n  o f  i s o  b u ty r ic  anhydride, 
when shalcen w ith  sa tu ra te d  aqueous potassium  b ic a rb o n a te ,d o e s  
n o t show any d ecrease  in  th e  anhydride c o n c e n tr a tio n , 
i l ) R eaction  o f  a -n itr o p h e n o l (0 .0 0 5  n) and n iv a l i c  anlwdr&h^ • 
(0*05 M) in  carbon te tr a c h lo r id e  when aliaken w ith  satiÿN^$#l 
aqueous potassium  b icarb on ate  s o lu t io n .
The same proceduro r a s  u sed  hero a s  in  the p roceed in g  
experim en t. R e su lts  arc g iv e n  in  Table 3541. The smooth curve  
o b ta in ed  by p lo t t in g  p ercen tage  r e a c t io n  a g a in s t  shalcing tim e  
i s  a ls o  shown in  F igure 22." The r e a c t io n  appeared to  g iv e  a  
maximum p iv a la te  p rod u ction  a f t e r  about te n  m in u tes. The 
r e p r o d u c ib il i ty  in  t h i s  and th e  p roceed in g  esperim ent i s  about 
1 .5 # ,
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- TABLE 3:41
Tine npMiitrophenato io n  % 10^ jo r e a c t io n
(min) (M)
1 3 6 .7  26*5
2 2 7 .5  45
3 24. 52.
4 21 58
5 1 9 .3  61 .5
7 1 7 .8  64 .5
10 1 6 .5  67
14 1 7 .5  65
i i i )  3 -P lc o l in e  c a ta ly s e d  r e a c t io n  betw een p ^ n itrop h en ol and
p iv a l i c  anhydride in  a tivo phase wateiv-oarbon tetrscbïA pride  
system  a t  2 5 ° .
Menger^^ has shown th a t  £ -n itr o p h e n y l la u r a te  i s  h yd ro lysed  
a t  a hoptane-vTater boundary i f  im id a zo le  i s  p r e sen t in  the  
aqueous p h ase . I t  was th e  aim o f  t h i s  woiSc to  d e te m in e  i f  an 
e s t é r i f i c a t i o n  cou ld  be observed  a t  a  w ater-carbon t e tr a c h lo r id e  
boundary betw een a  phenol and a c a r b o x y lic  a c id  anh ydride. A 
phenol had to  be s e le c t e d  which was so lu b le  in  w ater  but 
in s o lu b le  in  carbon t e t r a c h lo r id e .  £ -N itro p h en o l had n o t been  
u sed  p r e v io u s ly  in  t h i s  work because o f  i t s  very  low  s o l u b i l i t y  
in  carbon t e tr a o l i lo r id e ,  and i t  was shown th a t  i f  an aqueous 
s o lu t io n  o f  £ -n itr o p h e n o l was s t ir r e d  w ith  carbon t e tr a c h lo r id e  
f o r  s e v e r a l h ou rs, no cou ld  be d e te c te d , by
in fr a r e d  a n a ly s is ,  in  th e  organ ic  p h ase . £ -N itro p h en o l a ls o  h as  
th e  advantage o f  b e in g  e a s i ly  d e te c te d , in  the f o m  o f  i t s  a n ion , 
by v i s i b l e  sp ec tro sco p y  a t  400 nm. a -N itro p h en o l i s  to o  so lu b le
14-0
in  carbon te tr a c h lo r id e  to  bo o f  u se  in  t h i s  exp erim en t.
No red u c tio n  in  th e  absorbance o f  the carbonyl s tr e tc h in g  
bond in  the in fr a r e d  spectrum cou ld  be d e te c te d  when a s o lu t io n  
o f  p iv a l i c  anhydride ( in  carbon t e t r a c h lo r id e )  ?;as s t ir r e d  f o r  
. e ig h t  hours vdth  w ater . Under th e  c o n d it io n s  used  here p iv a l i c  
anhydride i s  n o t so lu b le  in  w ater, nor  i s  i t  h y d ro ly sed . A 
s o lu t io n  o f  2r n itro p h e n y l p iv a la te  in  carbon te tr a c h lo r id e  was 
a ls o  s t ir r e d  w ith  w ater f o r  e ig h t  h ou rs, but no ^ -n itr o p h en y l  
p iv a la t e  cou ld  be d e te c te d  in  the aqueous p h ase . Thus wo have 
here a system  which sliou ld  be s u ita b le  f o r  tv;o phase k in e t ic  
stu d y , i . e .  (1 )  both the r e a c ta n ts  are so lu b le  in  one phase but 
in s o lu b le  in  th e  o th e r , ( i i )  th e  £ -n itr o p h e n y l p iv a la te  
produced i s  o n ly  so lu b le  in  the carbon te tr a c h lo r id e  ph ase .
The r e a c t io n  v e s s e l  and s t i r r e r  u sed  in  t h i s  work a ie  
i l l u s t r a t e d  in  F igure 23* The c y l in d r ic a l  "Pyrex" g la s s  v e s s e l  
m s  c o n str u c ted  w ith  an o f f  c en tre  s id e  a m  to  a llo w  sam ples to  
be withdrawn w ith ou t d ism a n tlin g  th e  ap p aratu s. The g la s s  
s t i r r e r  m s  f i t t e d  to  a C iten co  e l e c t r i c  motor (maximum rpm = 
1200) m o d ified  w ith  an in te g r a te d  c i r c u i t  a m p lif ie r  to  m ain ta in  
co n sta n t s t i r r in g  sp ee d s . The apparatus v;as marked so th a t  
a f t e r  each experim ent th e  v e s s e l  cou ld  be wasîied, d r ied  and 
reassem bled  in  e x a c t ly  th e  same way. Stops were p rovided  on th e  
s t i r r in g  rod to  ensure th a t  th e  s t i r r e r  b lade was alw ays in  th e  
same p la c e , approxim ately  a t  th e  in t e r f a c e  o f  th e  two p lia ses .
K in e tic  experim en ts were c a r r ie d  ou t a s  f o l lo v /s .  A s o lu t io n  
o f  £ -n itr o p h e n o l in  w ater (5 cm^, 25^) and a s o lu t io n  o f  p iv a l i c  
anhydride in  carbon te tr a c h lo r id e  (5 cm^, 25^) were added to  the  
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in  a th o m o s ta t te d  w ater bath  a t  25^ . S t ir r in g  was s ta r te d  
im m ediately  a d d it io n  v/as com p lete . A fte r  a measured tim e  
in t e r v a l  th e  s t i r r in g  was stopped and one m inute was a llow ed  f o r  
th e  two ph ases to  se p a r a te . A 3 cm  ^ a l iq u o t  o f  th e  organ ic  
phase was th en  removed, shaken w ith  w ater (10 cm^), sep arated  
and d r ied  over  magnesium su lp h a te . A 0*5 cm  ^ a l iq u o t  o f  t h i s  
s o lu t io n  was th en  shtiken w ith  0 .1  H sodium hydroxide s o lu t io n  
u n t i l  the c o lo u r  in  th e  aqueous phase vÆts f u l l y  d ev e lo p ed . T his  
procedure h yd ro lysed  any ^ -n itz o p h en y l p iv a la te  p r e se n t in  th e  
organ ic  p liase , and the £-n iti*oph en ate io n  c o n c e n tr a tio n  cou ld  be 
e stim a te d  from a p r e v io u s ly  ob ta in ed  c a l ib r a t io n  cu rve . T h is  
c a l ib r a t io n  was u n a ffe c te d  by any p iv a l i c  a c id  p r e sen t in  the  
system*
P iv a l ic  anhydride (0 .0 5  M, CCl^) was s t ir r e d  w ith  j> -n itro -  
phenol (0 .0 0 1  M, H^O) f o r  3 hours a t  25^. No r e a c t io n  cou ld  be 
d e te c te d  a f t e r  t h i s  tim e i i i t e r v a l .  T h is experim ent was rep eated  
u s in g  a h ig h e r  c o n c e n tr a tio n  o f  £ -n itr o p h e n o l (0 .0 1  M), but 
a g a in  no r e a c t io n  cou ld  be d e te c te d .
3 -P ic o lin o  was added to  the above i^stem  in  tlie  carbon  
te tr a c h lo r id e  phase and 100# r e a c t io n  was observed a f t e r  30 
m inu tes s t i r r i n g  tim e . T h is r e s u l t  remained c o n sta n t a f t e r  6 
hours s t i r r i n g ,  in d ic a t in g  t l ia t  the £ -n itr o p h e n y l p iv a la te  
product i s  n o t h y d ro ly sed . To determ ine th a t  th e re  was no 
anomolous e f f e c t  producing the p iv a la te  during th e  a n a ly s is   ^
p roced ure, th e  organ ic  phase was a n a ly sed  by gas l iq u id  
chromatography (A pioson K, 175^, 15 p s i ,  n itr o g e n  c a r r ie r  g a s ) .
A peak was observed  in  th e  chromatogram which corresponded to  




































































The 3 - p ic o l in e  c o n c e n tr a tio n  was reduced to  4 .4  x  10~^ M 
in  th e  carbon t e tr a c h lo r id e  and th e  r e s u l t s  ob ta in ed  are l i s t e d  
in  Table 3842.
TABLE 3:42  
S t ir r in g  tim e (m in) # r e a c t io n
1 3 2 .3





Each o f  th e  above v a lu e s  i s  th e  average o f  two exp erim en ta l 
r e s u l t s .  The r e p r o d u c ib il i ty  was about 1 # . An u ltr a v io le t"  
spectrum  was record ed , o f  th e  aqueous ph ase, a f t e r  30 m inutes  
and i s  r ep resen ted  in  F igure 2 3 . A lso  shorn in  F igure 23 i s  the  
u l t r a v io l e t  spectrum  o f  an aqueous s o lu t io n  o f  £ -n itr o p h e n o l  
(0 .0 0 1  5 cm^) which has been shaken w ith  a carbon
te tr a c h lo r id e  s o lu t io n  o f  3 -p ic o l in e  (0 ,0 4 4  M, 1 cm^). T h is i s  
e q u iv a le n t  to  an u l t r a v io l e t  spectrum o f  the aqueous phase  
b efo re  r e a c t io n . F igure 24 shows how the p ercen tage  r e a c t io n  
v a r ie s  w ith  s t i r r in g  tim e .
I t  was o f  in t e r e s t  to  determ ine tfee a c id i t y  o f  the aqueous 
phase b e fo re  and a f t e r  r e a c t io n . A c id ity  measurements were 
record ed  on a  Pye Unicam 290 pH m eter . R e su lts  are g iv e n  below .
(1 ) Aqueous £ -n itr o p h e n o l (0 .0 0 1  M) pH = 5 .2 5
(2 )  Aqueous £ -n itr o p h e n o l (0 .0 0 1  M) s t ir r e d  w ith  3 -p ic o l in e
■ (4 .4  X 10” 2 M,' CCl^) ■ ■ ' ■ pH = 6 .8 0
(3 ) Aqueous phase o f  r e a c t io n  m ixture a f t e r  30 m inutes
pH = 4 .5 0
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The r e a c t io n  was rep eated  u s in g  a 2 , 6 - lu t id in e /g ly c in e  
b u ffe r  ( 2 , 6 - lu t id in e  (9 .5 5  cm^) w ith  g ly c in e  (3*43g) made up to  
250 cm  ^ v /ith  w a te r ) , pH = 8 .4 0 .  £ -N itro p h en o l (0 .0 0 1  M) in  th e  
b u ffe r  s o lu t io n  was s t ir r e d  fo r  16 m inu tes w ith  a s o lu t io n  o f  
p iv a l i c  anhydride (0 .0 4  M). 100# r e a c t io n  was record ed . The
b u ffe r  c o n c e n tr a tio n  was reduced te n  tim es and th e  r e a c t io n  
r e p ea ted . T h is tim e on ly  30# r e a c t io n  was observed  a f t e r  10 
m in u tes, which v/as unchanged a f t e r  80 m inutes (se p a r a te  
ex p e r im en ts). The pH o f  th e  aqueous phase a f t e r  10 m inu tes was 
5 .3 5 .
A s o lu t io n  o f  £ -n itr o p h e n o l (0 .0 0 1  M) and 2 ,6 - lu t id in e  (a t  
th e  same c o n c en tr a tio n  a s  in  the b u ffe r )  was s t ir r e d  f o r  6 hours  
w ith  a  s o lu t io n  o f  p iv a l i c  anhydride (0 .04M ). 15# r e a c t io n  v/as
record ed . The 2 ,6 - lu t id in e  s o lu t io n  s t ir r e d  a lon e  w ith  the  
p iv a l i c  anhydride s o lu t io n  f o r  6 hours had a pH = 6 .8 0  (reduced  
from 8 .4 0  a t  th e  b eg in n in g  o f  the ex p erim en t).
A s o lu t io n  o f  p iv a l i c  anhydride (0 .0 1  M) and 3 - p ic o l in e  
(0 .0 2  M) in  carbon te tr a c l i lo r id e  was s t ir r e d  w ith  w ater f o r  7 
h o u rs . At th e  end o f  t h i s  tim e th e  organ ic  phase was sep a ra ted , 
d r ied  and an in fr a r e d  spectrum  record ed . Comparison o f  t h i s  
spectrum  w ith  th e  one recorded  b efo re  th e  experim ent rev e a le d  
a s l i g h t  r ed u c tio n  in  th e  in t e n s i t y  o f  th e  anhydride carbonyl 
a b so rp tio n  band.
3). The r e a c t io n  between p h en o ls and a c e t ic  anhydride in
carbon t e t r a c h lo r id e .
I t  has been s ta te d  th a t  p h en o ls do n o t r e a c t  w ith  a c e t ic  
anhydride in  carbon te tr a c l i lo r id e  (s e e  r e f s .  9 7 , 107 , and in  
t h i s  S e c t io n  A ( i ) ) .  T l i i s - i s  n o t alv/ays the case  and t h i s
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S e c tio n  d e a ls  w ith  the slow , n on -rep rod u cib le  r e a c t io n s ,  which  
were som etim es observed throughout th e  course o f  t h i s  work.
A number o f  experim ents have been s tu d ie d  which appeared  
to  proceed  a t  a  r a te  f a s t e r  than e x p e c ted . A rep ea t o f  t h i s  
anomolous r e a c t io n  in v a r ia b ly  r e s u lte d  in  the ex p ected  r a te .  
V-henever a s e r i e s  o f  k in e t ic  experim en ts were c a r r ie d  o u t, i t  i s  
norm ally  exp ected  th a t  on# o r  two experim ents w i l l  g iv e  r a te  
c o n s ta n ts  which are undoubtedly vnrong. These r e s u l t s  are u s u a lly  
ig n o r ed . In  some o f  th e  work c a r r ie d  out h e r e , however, th e se  
anomolous r e s u l t s  appeared too  o f te n  to  be ign ored  and the reason  
f o r  t h i s  r e a c t iv i t y  was in v e s t ig a te d .  Scxne exam ples o f  where 
th e se  aroactions occured are g iv e n  below .
The r e a c t io n  v/as s tu d ie d  between ch iorop h en ol and a c e t ic
anhydride in  th e  p resen ce  o f  m ethyl s u b s t itu te d  benzene
128 12Qd e r iv a t iv e s .  Yoshida and h i s  co-w orkers •  ^ have shovm th a t
to lu e n e , th e  x y le n e s  and m e s ity le n e  form weak hydrogen-bonded  
com plexes w ith  phenol in  carbon t e tr a c h lo r id e .  The a s s o c ia t io n  
c o n s ta n ts  h ere are very  low  (0 .5 7  +. 0 .0 3  ^ a t  29^ f o r  the
a s s o c ia t io n  o f  phenol v /ith  m e s ity le n e ) .  I t  was n o t exp ected  
th a t  th e se  compounds would c a ta ly s e  a r e a c t io n  betw een jg -c liloro -  
phenol and a c e t i c  anhydride f o r  tv/o reason s ( i )  th e  hydrogen bond 
i s  too  weak and ( i i )  th e  c o n fig u r a t io n  o f  such a hydrogen-bonded  
s p e c ie s  would be s t e r i c a l l y  unfavourable  to  r e a c t io n , i . e .
jp h —0 —I I ------------
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£-C hlorophenol (0 .0 1  M) was added to  a s o lu t io n  o f  a c e t ic  
anhydride (0 .0 5  M) in  th e  p resen ce  o f  m e s ity le n e  (0 .0 4  M) a t  2 5 ° .  
A fte r  3 .5  d ays, 30# r e a c t io n  had occured and a p lo t  o f  lo g  
(cu-x) a g a in s t  tim e v/ao l in e a r ,  where a= i n i t i a l  c o n c en tr a tio n  o f  
phenol and x= c o n c en tr a tio n  o f  a c e ta te  a t  tim e t .  Hence, i t  
appeared th a t  a  slow  f i r s t  order r e a c t io n  v/as o c cu r in g . T his  
r e a c t io n  was rep ea ted  u s in g  d i f f e r e n t  s o lu t io n s  and r e a c t io n  
v e s s e l s  but t h i s  r a te  cou ld  n o t be reproduced . S im ila r  
anom olous, n on -rep rod u cib le  r e s u l t s  were ob ta in ed  when u s in g  
m -xylone and durons a s  a d d it iv e s .  No r e a c t io n  m s  observed v/hen 
p o ly  b u ty len e  c o n ta in e r s  wore u sed  a s  r e a c t io n  v e s s e l s .  I t  was 
concluded  th a t  th e  m ethylbenzones do n o t c a ta ly s e  a r e a c t io n  
betw een £ -c lilo ro p h en o l and a c e t ic  anhydride and any r e a c t io n  i s  
probably the r e s u l t  o f  a  g la s s  su rfa ce  e f f e c t .
Ovdng to  th e  in c o n s is t e n c ie s  found in  the above experim ents  
th e  a n a ly s is  tech n iq u e was checked by fo llo v /in g  the r e a c t io n  by 
g a s l iq u id  chromatography. £ -D ich lorob en zen e  was used  a s  an 
in t e r n a l  standard because o f  ( i )  i t s  favou rab le  r e te n t io n  tim e , 
compared to  th e  r e a c ta n ts  and p ro d u cts , on an A piezon K column, 
end ( i i )  i t s  assumed in e r tn e s s  towards th e  r e a c ta n ts .  The 
r e a c t io n s  were rep eated  u s in g  ^ x y le n e ,  m e s ity le n e  and durene a s  
c a t a ly s t s  but once a ga in  a few anomolous r e s u l t s  were o b ta in ed . 
A gain, no r e a c t io n s  were observed  when p o ly b u ty len e  c o n ta in e r s  
were u sed . The p o s s i b i l i t y  o f  a  g la s s  su rfa ce  e f f e c t  i s  
d isc u sse d  in  S e c tio n  4 .
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SECTION 4 . DISCUSSION
A . R oaction  o f  p h én ols v /ith  ca rb o x :/lic  a c id  an h ydrides i n  t h e  
p resen ce o f  b a ses  in  carbon t e tr a c lü .o i id c #
Pseudo f i r s t  order k in e t i c s  were observed v/hen £ -c h lo r o -  
phenol was r e a c te d  w ith  e x c e s s  a c e t ic  anliydride in  th e  p resen ce  
o f  p y r id in e . Rato c o n sta n ts  were c a lc u la te d  from th e  s lo p e s  o f  
lo g  a / ( a - x )  a g a in s t  tim e graphs, vâiere a i s  th e  i n i t i a l  
c o n c e n tr a tio n  o f  phenol and x i s  th e  a c e ta te  produced a f t e r  
tim e t .  T h is procedure assum es a  r a te  eq u ation  o f  th e  f o m : -  
Rate = k (P henol)(A C gO )(P yrid ine)
= kg (P h e n o l)(P y r id in e )  
where k^ i s  th e  e x p e r im en ta lly  determ ined pseudo f i r s t  
ord er r a te  c o n s ta n t . The u se  o f  in  th e  in te g r a te d  r a te  
eq u a tio n  im p lie s  th a t  th e  r e a c t iv e  s p e c ie s  i s  th e  f r e e  phenol 
or a s p e c ie s  th a t  i s  d ir e c t ly  p r o p o r tio n a l to  th e  fr e e  phenol 
througliout th e  r e a c t io n .
N u c le o p h ilic  c a t a l y s i s  ( s e e  S e c tio n  1 ,B  ( i i ) ,  eq u ation  1 2 ) ,  
whore tlio p y r id in e  a t ta c k s  th e  anhydride m olecu le  to  form an 
in te r m e d ia te , has th e  fo rm :-
(P h en o l)  (1 )
OH^COgPh + CH^CO^H
Rate = (P h e n o l)(A c e tic  an h ydride) ( P y r id in e ) .
H ere, th e  fr e e  phenol i s  th e  r e a c t iv e  s p e c ie s  and, when 
lo g  a / ( o - x )  i s  p lo t t e d  a g a in s t  tim e , a s t r a ig h t  l i n e  i s  expected .
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G eneral base c a t a l y s i s  ( s e e  S e c t io n  1 ,B  ( i ) )  would have 
th e  form :-
t
Phenol + yP  \  (P h e n o l•••P y r id in e )  =— — ^— >■ P roducts (2 )
\ = /  (ACgO)
H-bonded complex
Rate = ( Phenol ) ( ACgO ) ( P y rid in e  )
= (P h e n o l , . .P y r id in e ) (A c20)
A s tr a ig h t  l i n e  i s  n o t exp ected  h e r e , when lo g  a / ( a - x )  i s  
p lo t t e d  a g a in s t  tim e , u n le s s  i t  can be shorn th a t  th e  liydrogen- 
bonded (li-bonded) complex m o la r ity , throughout th e  r e a c t io n , i s  
d ir e c t ly  p r o p o r tio n a l to  th e  s to ic h io m e tr ic  p h en o l. The r a t io  
(H-bonded com plex)/(o#-x) = R 
v/as c a lc u la te d  throughout th e  r e a c t io n  o f  2 -ch lo ro p h en o l (0 .0 1  M) 
w ith  a c e t ic  anhydride in  th e  presen ce  o f  p y r id in e  (0 .0 2  M).
V alu es are g iv e n  in  Table 4 : 1 .
TABLE 4 :1
a c t io n H S I S I
20 0 .6 2 3 0 .6 0 0 0 .6 0 6
30 0 .6 3 8 0 .5 9 1 0 .6 0 6
40 0 .6 4 6 0 .5 8 3 0 .6 0 6
50 0 .6 5 4 0 .5 7 7 0 .6 0 1
60 0 .6 6 2 0 .5 7 0 0 .5 9 9
70 0 .6 7 1 0 .5 6 0 0 .5 9 7
80 0 .6 7 8 0 .5 5 2 0 .5 9 8
The a s s o c ia t io n  c o n sta n t betw een £ -ch lo ro p h e n o l and 
p y r id in e  i s  1 1 2 .8  a t  27^ in  carbon t e t r a c h l o r i d e . 5 
v a lu e  o f  E rem ains f a i r l y  co n sta n t througliout th e  r e a c t io n
1 5 0
20 -  80 #; R = 0 .6 5  2  0 .0 3 .  The o v e r a l l  stead y  in c r e a se  in  R 
v/ould m a n ife st i t s e l f  a s  a v e iy  s l i g h t  up-.vard curvatu re  on a  
lo g  a / ( a - x )  v e rsu s  tim e graph. T h is would a f f e c t  th e  v a lu e  o f  
th e  c a lc u la te d  r a te  co n sta n t by about 5# , which i s  w ith in  th e  
exp erim en ta l e r r o r  o f  th e se  exp erim en ts. However, t l i i s  very  
s l i g h t  upward curvature was n o t ob served , and hence o tlier  
f a c t o r s  rjust be con sid ered  f o r  a  g e n e ra l base c a ta ly s e d  
meclianism to  be c o n s is t e n t  w ith  tiie  exp erim en ta l f a c t s .
A c e tic  a c id  i s  knom  to  form stro n g  hydrogen bonds w ith  
p y r id in e  in  carbon t e t r a c l i l o r i d e . T h e  R* v a lu e s  g iv e n  in  
Table 4*1 were c a lc u la te d  assum ing th a t  th e  a c e t i c  a c id  
l ib e r a t e d  in  th e  r e a c t io n  com p lete ly  hydrogen bonds to  p y r id in e  
m o le c u le s , form ing a non#-reactive s p e c ie s .  Here th en * -
%  °  (0 .0 1  -  -  A -  PH)
v^ere PH = £—c h lo ro p h e n o l/p y r id in e  H-bonded complex m o la r ity , 
Py = p y r id in e  m o la r ity , A = a c e t ic  a c id  m o la r ity  and = 112 .8  BTÎ
R» = 0 .5 8  + 0 .0 3 ,  which has about th e  same p ercen tage e rr o r  
a s  th e  R v a lu e . The stea d y  d ecrease  in  R* betw een 20 -  80# 
would be observed  a s  a  s l i g h t  dov/nward curvature on the  
lo g  a / ( a - x )  a g a in s t  tim e graph. The assum ption th a t  th e  a c e t i c  
a c id  and base form a n o n -r e a c t iv e  s p e c ie s ,  which does n ot  
su b seq u en tly  d i s s o c ia t e ,  i s  u n rea so n a b le . I f  t h i s  were so ,  
r e a c t io n s  where th e  phenol m o la r ity  was g r e a te r  than  the base  
m o la r ity  would n o t go to  com p letion  ( s e e  experim ents 3 A, ( i v ) ;  
( v ) ; ( x ) ) .  A l l  r e a c t io n s  in v e s t ig a te d  went to  com p letion  u n le s s  
o th erw ise  s ta t e d .  ' *
- ,
R" was c a lc u la te d  by s o lv in g  th e  fo llo w in g  f i v e  e q u a t io n s : -
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( i i i )  (AH) + (A) = (x )
( i v )  (PH) + (P) = (a -x )
(v )  (Py) + (AH) + (PH) = 0 .0 2
where AH = a c e t ic  a c id /p y r id in e  H-hondcd complex m o la r ity ,
A = a c e t ic  a c id  m o la r ity , P = £ -c lilo ro p h en o l m o la r ity  and
Kg = 220
E quation ( i i i )  assum es th a t  a l l  th e  a c e t ic  a c id  produced  
( i . e .  e q u iv a le n t  to  x , th e  a c e ta te  produced) i s  e i t h o r  f r e e  or  
hydrogenp-bondod w ith  p y r id in e . L ike;7ise, eq u ation  ( i v )  assum es 
th a t  a l l  th e  phenol p r e sen t in  the system  i s  e i t h e r  f r e e  or  
hydrogen-bonded \7 ith  p y r id in e . Tho l a s t  eq u ation  adds the  
m o la r i t ie s  o f  th e  phenol and a c e t ic  a c id  hydrogen-bonded com plexes 
to  the fr e e  p y r id in e  m o la r ity  and s e t s  t l i i s  sum eq u a l to  0 .0 2  M, 
th e  i n i t i a l  m o la r ity  o f  p y r id in e .
R" v a r ie s  by on ly  1 .5 #  between 20 -  80# r e a c t io n . T h is sm all 
v a r ia t io n  would be im p o ss ib le  to  d e te c t  under th e  exp erim en ta l 
c o n d it io n s  u se d . The co n sta n t R" v a lu e  througliout the  
a c é t y la t io n  o f  £ -ch lo ro p h en o l by a c e t ic  anhydride i s  probably  
fo r t u i to u s  because no account has been taken  o f  a s s o c ia t io n s  o f  
o th e r  k in d s , i . e .  a c e t ic  a c id  w ith  a c e t i c  a n h y d r i d e , t i i e  
a c e ta te  and p h en o l. A lso  a c e t ic  a c id  i s  known to  d im eriae in  
n o n -p o la r  s o l v e n t s . O t h e r  ph en ols do n ot show such good, 
co n sta n t v a lu e s  o f  R" betw een 20 -  80# r e a c t io n  but the d e v ia t io n s  
are n o t la r g e  enough to  inva3.idate r e s u l t s  found u s in g  R".
R e su lts  f o r  phenol are g iv e n  below , c a lc u la te d  from an
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a s s o c ia t io n  constant^^^ vdth  p y r id in e , 46 .3
# r e a c t io n  R"
20 0 .4 1 2
50 0 ,3 9 8
80 0 .3 7 0
Through la c k  o f  Imowledge o f  th e  o th e r  in t e r a c t io n s  o f  
a c e t i c  a c id , more r e f in e d  v a lu e s  o f  R" cannot he c a lc u la te d .  
However, i t  i s  nov/ p o s s ib le  to  say th a t  both  n u c le o p h il ic  and 
g e n e r a l base c a t a l y s i s  in  t h i s  a c é t y la t io n  cou ld  e x h ib it  f i r s t  
ord er k in e t i c s  in  the p h en o l.
Table 3*2 l i s t s  R" v a lu e s  f o r  a l l  th e  p h en o ls , c a lc u la te d  
a t  50# r e a c t io n . The r a te  eq u a tio n  f o r  g en era l base c a t a l y s i s  
can be rearranged in  a form to  in c lu d e  R"
Rate = k^ (P yrid in e ...P h en o lX A C gO ) (3 )
= R" (a -xJC A C gO )
= R" (cwx)
where k^ i s  th e  pseudo f i r s t  order r a te  c o n s ta n t . The 
exp erim en ta l r a te  c o n s ta n t , k^, found in  experim ent ( i )  eq u a ls  
k^E" and hence k^ can be c a lc u la te d . Those r a te  co n sta n t v a lu e s  
take in to  c o n s id e r a t io n  th e  d i f f e r e n t  hydrogen bonding a b i l i t i e s  
o f  each o f  th e  p h en o ls , k^ g iv e s  a more accu ra te  v a lu e  f o r  th e  
n u c le o p h i l ic i t y  o f  the hydrogen-bonded complex than  does k^.
Prom th e se  k^ v a lu e s  i t  can be seen  th a t  the complex r e a c t iv i t y  
in c r e a s e s  a s  th e  phenol a c id i t y  in c r e a s e s .  The £ - c r e s o l  complex  
i s  l e s s  r e a c t iv e  than th e  2 -ch lo ro p h en o l complex even  though
2 - c r e s o l  i s  more n u c le o p h il ic  than g -ch lo ro p h en o l ( s e e  experim ent 
x x i x ) .  However, i t  i s  known th a t  a s  th e  phenol a c id i t y  in c r e a s e s ,  
th e  s tr e n # ih  o f  th e  hydrogen bond i n c r e a s e s . T h e  energy o f
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th e  hydrogen bond i s  e s s e n t i a l ly  e l e c t r o s t a t i c  and th e  fo llo w in g  
th r ee  main v a len ce  bond s tr u c tu r e s  can be drawn^^^:-
(a )  — 0—H
-  +
(b ) —O H  X/
— <¥ /
(c )  — 0 H X ^
where X i s  an e le c tr o n e g a t iv e  e lem en t. In (b ) and (c )  the  
oxygen o f  th e  hydroxyl, group lias more e le c tr o n  d e n s ity  than in  
th e  f r e e  s t a t e ,  in c r e a s in g  i t s  b a s ic i t y  and hence i t s  
n u c le o p l i i l i c i t y .  The s tr o n g e r  the liydrogen bond, th e  g r e a te r  i s  
th e  n e g a tiv e  cliarge r e s id in g  on th e  oxygen atom. A phenol has  
a c id ic  p r o p e r t ie s ,  p a r t ly  through i t s  a b i l i t y  to  form th e  
resonance s t iu c t u r e s : -
v/hy s im ila r  charge d e lo c a l iz a t io n  does n o t occu r  w ith in  
th e  hydrogen-bonded s p e c ie s ,  d e c re a s in g  th e  e le c tr o n  d e n s ity  on 
th e  oxygen atom and hence d ecrea s in g  th e  bond s tr e n g th , i s  n o t  
f u l l y  u n d erstood .
The e f f e c t  o f  s u b s t itu e n ts  in  th e  p h en o l. The Hammett eq u a tio n , 
A Hammett p lo t  o f  lo g  a g a in s t  cP  i s  l in e a r ,  g iv in g  
^ = 1 .0 1  jk 0 ,0 2  ( c . f .  ^  = 1 ,5 2  when lo g  k^ i s  p lo t t e d  a g a in s t  
cr°)( Table 3 : 2 ) ,  In the Hammett e q u a tio n , lo g  k/)c^ = th e  
r e a c t io n  c o n s t a n t ,^ , g iv e s  an in d ic a t io n  o f  th e  demand p la ced
1 5 4
on th e  su b s t itu e n t  in  th e  t r a n s i t io n  s t a t e  to  donate or  withdraw  
e le c t r o n s .  C onsider a n u c le o p h il ic  c a t a l y s i s  f o r  t h i s  r e a c t io n ,  
a s  d e p ic te d  in  eq u ation  ( 1 ) .  The h y d r o ly s is  o f  a c e t i c  anhydride  
in  th e  p resen ce  o f  p y r id in e  occu rs v ia  a l im i t in g  r a te  form ation  
o f  th e  a c e ty lp y r id in iu m  ion,^^^ I f  a  s im ila r  mechanism occured  
h e r e , th e  s e n s i t i v i t y  o f  th e  r e a c t io n  towards s u d s t itu e n t s  on 
th e  phenol sh ou ld  be low , i . e .  ^ « ^ 0 ,  I f  th e  r a te  determ in ing  
s te p  i s  th e  breakdown o f  th e  in te r m e d ia te , a  n e g a t iv e  ^  would be 
e x p e cted . N e ith er  o f  th e se  p o s s i b i l i t i e s  i s  in  agreem ent w ith  
exp erim en ta l f a c t s .
G eneral base c a t a l y s i s  (eq u a tio n  ( 2 ) ) ,  where th e  r a te  
l im i t in g  s te p  i s  th e  in t e r a c t io n  o f  th e  hydrogeîk-bonded complex 
w ith  th e  anh ydride, v/ould g iv e  a p o s i t iv e  ^  , a s  ob served . The 
p o s s i b i l i t y  o f  th e  e q u ilib r i.u n  s te p  b e in g  slow  cannot be 
ov erlo o k ed , but i f  t l i i s  were th e  c a s e , th e  r a te  would be 
independent o f  th e  anhydride m o la r ity . T h is a g a in  i s  n o t in  
agreem ent w ith  exp erim en ta l f a c t s .
R egard less o f  th e  fa v o u ra b le  s lo p e  (^) ob ta in ed  from the  
Hammett p lo t ,  th e  l in e a r i t y  i t s e l f  i s  c o n s is t e n t  w ith  a r e a c t io n  
in  which the p y r id in e /p h e n o l hydrogen-bonded complex i s  in v o lv ed  
in  th e  r a te  d eterm in ing  s te p .
The e f f e c t  o f  s u b s t itu e n ts  in  the p y r id in e . Tlie Brbnstod  
e q u a tio n .
A ll  th e  r e a c t io n  s e r i e s  in v e s t ig a te d  in v o lv in g  p y r id in e  
b a se s  gave good l in e a r  BrOnsted c o r r e la t io n s  vdien lo g  k^ v/as 
p lo t t e d  a g a in s t  th e  base 2 -P ic o l in e  and 2 ,6 - lu t id in e  do n o t
c a ta ly s e  th e se  a c y la t io n s  due to  o t e r ic  e f f e c t s  ( s e e  experim ent 
x x i i i ) .  Tlie a b i l i t y  o f  p y r id in e  b a ses  to  hydrogen bond w ith
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p h en o ls  i s  n o t h in d ered  by groups s u b s t itu te d  in  tlio  oc-po s i t  io n s  
o f  th e  b a s e s , ^35 However, the liydrogen-bonded complex v n .ll be 
s t e r i c a l l y  crowded about th e  hydroxyl oxygen, p rev en tin g  
r e a c t io n  w ith  th e  ozih^ràrtùo m olecu le  ( s e e  S e c tio n  l , B ( i i ) ) .
The degree to  which th e  h yd rosy l bond i s  broken or formed 
in  a t r a n s i t io n  s t a t e  i s  g e n e r a lly  b e l ie v e d  to  be r e f le c t e d  in  
th e  Erbnsted r e a c t io n  c o n s ta n t , ^ i s  u s u a lly  found to  be
la r g e r  in  n u c le o p h il ic  c a t a l y s i s  ( 0 , 7  -  0 , 3 )  than in  g e n e ra l  
base c a t a l t s e s  ( 0 . 5 ,  se e  S e c tio n  1 ),^^G Hov?ever, th e se  f ig u r e s  
are d er iv ed  from h y d ro ly se s  where th e  a t ta c k in g  n u c le o p h ile  i s  
w a ter . In  t h i s  v/oik a phenol m olecu le  i s  th e  n u c le o p h ile . The 
v a lu e s  o f  ^ appear h igh  f o r  a g en era l base c a t a l y s i s  but i t  
would bo ex p ected  th a t ,  a s  the a c id i t y  o f  th e  a tta c k in g  s p e c ie s  
was in c re a se d  i . e .  in c r e a s in g  the p o la r is a t io n  o f  th e  OH bond, 
th e  (3 v a lu e  would become la r g e r .  ^ in c r e a s e s  a s  th e  a c id i t y  o f  
the phenol in c r e a s e s  (T able 4 : 2 ) .
TABLE 4 :2
R ea ctio n s o f  c a rb o x y lic  a c id  anliydridas w ith  p h en o ls and 




a c e t i c £ - c r e s o l 0 .8 5 1 0 .2 6
It £ -c l i lo  rophcnol 0 . 9 3 9 . 4 2
n m -n itro  phenol 0 . 9 6 8 .3 9
is o b u ty r ic m -n itrooh en o l 0 .8 7 8 .3 9
V a r ia tio n  in  r a te  w ith  base m o la r ity .
V/hen th e  base m o la r ity  i s  in c r e a se d , both  im c le o p li i l ic  and 
g e n e r a l base c a t a ly s i s  v/ould bo exp ected  to  g iv e  cu rves s im ila r
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to  F igure 5 , a t  co n sta n t anhydride c o n c e n tr a t io n s . For 
rru c leo p liilic  .c a t a ly s i s  one v/ould ex p ect th e  d o p e  to  l e v e l ,  due 
to  com plete complex fo im a tio n  between th e  anhydride and th e  b a se . 
S im ila r ly , in  g e n e ra l base c a t a ly s i s  the phenol w i l l  become 
co m p lete ly  hydrogen-bonded and a fu r th e r  in c r e a se  in  base  
m o la r ity  v / i l l  n o t e f f e c t  th e  r a te .
L is te d  in  Table 3 :6  are R v a lu e s  c a lc d a t e d  a t  each  
4—p ic o l in e  c o n c en tr a tio n  f o r  the r e a c t io n  o f  £ -ch lo ro p h en o l • 
v.dth a c e t ic  anh ydride. Prom th e se  v a lu e s  may be c a lc u la te d  
and th e se  are l i s t e d  below .
4 - p ic o l in e  m o la r ity  x 10^ 5 .0  10 15 20
X (sec" ^ ) 4 .8 9  4 .8 8  4 .5 8  4 . 8 9
k^ i s  co n sta n t throughout the 4 - p ic o l in e  c o n c en tr a tio n  
range (w ith in  exp erim en ta l e r r o r ) ,  im ply in g  th a t  t h i s  r e a c t io n  
i s  g e n e r a l base c a ta ly s e d . S im ila r  r e s u l t s  were ob ta in ed  in  
o th e r  sy stem s.
TABLE 4 :3
R ea ctio n  o f  m -n itrop h en o l (0 .0 0 5  H) w ith  a c e t ic  anhydride (0.05M ) 
In  th e  uresenoar o f  b a s e s . Experim ent ( v ) .
3 -p ic o l in o  m o la r ity  x  10^ 0 .5  2 .5  5 .0  1 0 .0
k^ X lo'^ (b6c~^) 7 .2 7  6 ,6 3  6 .7 9  7 .3 9
4 -p io o lln G  m o la r ity  x 10^ 1 ,2 5  2 .5  3 .1 5  5 .0
k^ X lo'^ (sec" ^ ) ■ 1 4 ,1 7  1 3 .8 0  1 3 .7 7  1 3 .1 5
U n fo rtu n a te ly  o n ly  R and n o t R" v a lu e s  can be c a lc u la te d  
f o r  b a ses  o th e r  than p y r id in e , because a s s o c ia t io n  c o n sta n ts  
betv/een th e se  b a ses  and a c e t ic  a c id  are h o t known. R* v a lu e s  
c o u ld  be u sed , but th e se  c o n ta in  th e  same degree o f  e r r o r  a s  R 
i t s e l f .
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To avo id  tho sa tu r a t io n  e f f e c t s  o f  complex form ation ,
4-climetîiy lam in op yrid in e  (4-D3ÎIAP) was employed a s  th e  c a ta ly s t  
(experim ent x ) .  The a s s o c ia t io n  co n sta n t f o r  4—DKAP i s  n o t  
knovni but can be e stim a ted  g r a p h ic a lly , Rubin and Panson^^^
p lo t te d  lo g  ^ a s s o c ia t io n  ^C^inot e-° f o r  v a r io u s  s u b s t itu te d  
p y r id in e s  v /ith  phenol in  carbon t e tr a c h lo r id e  and ob ta in ed  a  
s t r a ig h t  l i n o .  This graph can be e x tr a p o la te d  to  in c lu d e  4-BMAP 
u s in g  a <r° v a lu e  f o r  th e  n-diznethylam ino group^^^ o f  - 0 .4 4 .
Prom t h i s  approxim ate method, o f  4-DMAP v/ith  phenol i s
e stim a te d  a t  160 R can now be c a lc u la te d  from t h i s cLwo
v a lu e  and, h en ce , foun d . R e su lts  are g iv en  below  and in
Table 3 :1 4 . .
4-BII i^P m o la r ity  x 10^ k^ x  10^
(M) ( s e c “ ^)
0 .4 1 2  9 .1 5
0 .8 2 4  1 2 .7
1 .2 3 6  1 3 .1
1 .6 4 8  1 3 .2
2 .0 6 0  1 2 . 6 .
2 .4 7  1 3 .4
There are two rea so n s why t h i s  r e a c t io n  may be regarded a s  
f i r s t  ordor in  4-DMAP.
( i )  Vîhen lo g  k^ i s  p lo t t e d  a g a in s t  lo g  (4-DMAP) a  s t r a ig h t  l i n e  
i s  o b ta in ed , v /ith  a s lo p e  o f  0 .9 7 .  The r a te  eq u a tio n  f o r  a  
g e n e ra l base c a t a l y s i s  v / i l l  have tlie  form :-
kg (P h e n o l)g = k^ (Phenol)^(4-DMAP)^
where ( P h e n o l = s to ic h io m e tr ic  c o n c e n tr a tio n  o f  p h en ol.
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(P h en ol)^  = fr e e  (im complexed) phenol and (4—DBîAP)  ^ = fr e e  4—DMAP< 
At th e  veay sm all 4—DI&AP c o n c e n tr a tio n s  
( Phenol = (P henol)^
i^ass (4-DMAP)f
I t  can be shorn in  t h i s  r e a c t io n  th a t  (P h en o l. . . 4-DMAP ) /  
(4^DMAP ) g i s  c o n sta n t throughout th e  c o n c e n tr a tio n  range s tu d ie d  
and, a s  (P h e n o l.. .4—DMA?) = (4—MAP)g-(4-DMAP)^, a  p lo t  o f  
lo g  kg a g a in s t  lo g  (4—DMAP)  ^ should  be l in e a r  w ith  a s lo p e  equal 
to  tho order o f  th e  r e a c t io n  v/ith  r e sp e c t  to  4--DB&AP.
( i i )  k^ may be regarded a s  co n sta n t v /ith in  th e  exp erim en ta l 
e r r o r  f o r  tho r e a c t io n s  v /ith  4-DBÏAP c o n c e n tr a tio n s  betv/een  
0 .8 2 4  -  2 .4 7  X 10"^ M. The v a lu e  used  to  c a lc u la t e  k^ v/as 
determ ined assum ing a l i l  complex betw een the p y r id in e  and the  
p h en o l. I f  o th e r  complex s to ic h io m e tr ie s  were p r e se n t , th e  k^ 
v a lu e s  would change a s  th e  base m o la r ity  i s  in c r e a se d . Whenever 
k^ i s  found to  be co n sta n t throughout a r e a c t io n  s e r i e s ,  an 
o rd er  o f  one ' i s  su g g ested  f o r  both  th e  phenol and th e  p y r id in e  
b a se .
O ther ev id en ce  a g a in s t  n u c le o p h il ic  c a t a ly s i s  i s  a ls o  
o b ta in ed  from th e  4—DMAP r e a c t io n s .  Jencks^^ found th a t  tho  
a c e ty lp y r id in iu m  io n  d er iv ed  from £-m eth oxypyrid ine i s  
h yd ro ly sed  more s lo w ly  than th e  pK  ^ o f  the base would su g g e s t .  
T h is behaviou r was a t tr ib u te d  to  resonance s t a b i l i s e d  s tr u c tu r e s  
o f  th e  fo im :-
ji i / = v  + i" +C H , - c - : :  y - o c H ,  c h , - c - k  > o c h ,  c h , - c = n  V o g h ^
3 \ — /   ^ 3 3 3 \ _ ^  ^
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In  the r e a c t io n  in v e s t ig a te d  h e r e , a  s im ila r  resonance s t a b i l i s e d  
s p e c ie s  may be d r a m :-
M
I t  would, th e r e fo r e , be exp ected  th a t  the p o in t  f o r  4-DBÎAP 
r ep resen ted  on a B rônsted c a t a ly s i s  graph (F igu re 4 ) would f a l l  
below  tho l i n e .  Because o f  the la r g e  d i f f e r e n c e s  in  molari'fcy 
and pK  ^ betw een 4-DMAP and the o th er  p y r id in e  b a se s , on ly  
e s t im a t io n s  can be made h e r e , but th e se  in d ic a te  no apparent 
r ed u c tio n  in  r a te  f o r  th e  4-BMAP c a ta ly s e d  r e a c t io n ,
4-DLÏAP (pE^ = 9 .7 1 )  cou ld  io n is e  th e  phenol to  th e  phenate  
io n ,  which would be h ig h ly  r e a c t iv e  in  t h i s  a c é t y la t io n  r e a c t io n .  
Because o f  th e  d i f f i c u l t y  in  d is t in g u is h in g  betv/eeh t r a n s i t io n  
s t a t e s  o f  tho same s t o ic h io n e t iy  by k in e t ic  m easurem ents, t h i s  
p o s s i b i l i t y  can o n ly  bo n oted  h e r e ,
IT u cleoph ilic  v e r su s  g e n e ra l base c a t a l y s i s .
At t h i s  s ta g e  in  th e  d is c u s s io n  i t  i s  n e c e s s a iy  to  in d ic a te  
wliy n u c le o p h il ic  c a t a l y s i s  would be an unfavourab le  a c é t y la t io n  
mechanism in  carbon t e t r a c h lo r id e ,  a lth ou gh  in  th e  p y r id in e  
c a ta ly s e d  h y d r o ly s is  o f  a c e t i c  anhydride (th e  a c é t y la t io n  o f  
v/ator) t h i s  meclianism i s  predom inant.
For n u c le o p h il ic  c a t a l y s i s  to  occu r , the in term ed ia te  must 
be more r e a c t iv e  than tho r e a c ta n ts .  I t  i s  d i f f i c u l t  to  s e e ,  in  
th e  n u c le o p h il ic  c a ta ly s e d  l iy d r o ly s is  o f  a c e t i c  an liydride, wliy 
th e  a c e ty lp y r id in iu m  io n  i s  more r e a d ily  h yd ro lysed  than a c e t ic
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anliydride because th e se  tv/o s p e c ie s  are com binations o f  
a cety liu m  c a t io n s  v /ith  b a ses  o f  a lm ost id e n t ic a l  s tr e n g th  (th e
IIP
a c e ta te  io n  and p y r id in e  ) .  T his d if fe r e n c e  in  r e a c t iv i t y  
i s  u s u a l ly  e x p la in ed  by an entropy e f f e c t .  The h y d r o ly s is  o f  
th e  a c e ty lp y r id in iu m  io n  does n o t in v o lv e  a  change in  th e  t o t a l  
e l e c t r i c a l  charge o f  th e  r ea g e n ts  and v/ould n o t req u ire  a  
s ig n i f i c a n t  r e - o r ie n ta t io n  o f  th e  s o lv a t io n  s h e l l .  The 
h y d r o ly s is  o f  a c e t ic  anhydride does in v o lv e  charge se p a r a tio n  
which r e q u ir e s  a  c r e a t io n  o f  order in  th e  s o lv e n t .  The entropy  
change i s  th u s unfavourable  f o r  the u n ca ta ly se d  h y d r o ly s is  o f  
a c e t ic  anh ydride.
There are v i r t u a l l y  no s o lv a t io n  e f f e c t s  in  carbon  
t e t r a c h lo r id e ,  which sh ould  make th e  a c e ty lp y r id in iu m  io n  "and 
a c e t ic  anhydride e q u a lly  r e a c t iv e  tov/ards h y d r o ly s is  (o r  any 
n u c le o p h il ic  r e a c t io n  a t  th e  carbonyl carb on ). However, th e  
g e n e r a tio n  o f  io n ic  s p e c ie s  in  n o n -p o la r  s o lv e n ts  i s  
e n e r g e t ic a l ly  u n fa v o u ra b le , making th e  fo im a tio n  o f  a c e t y l ­
pyrid in ium  io n s  u n l ik e ly .  No p h y s ic a l ev id en ce  h as been found  
f o r  n u c le o p h il ic  type in te im e d ia te s  in  carbon t e t r a c h lo r id e .
The e f f e c t  o f  s u b s t itu e n ts  in  th e  an iiydride, Tlie T aft e q u a tio n . 
The T aft eq u a tio n  f o r  the a c id ic  h y d r o ly s is  o f  e s t e r s  may
be v /r it te n  in  th e  fo im :-
* #lo g  k/k^ = a- (o + + E.
where k^ i s  th e  r a te  co n sta n t f o r  th e  a c e ta te  e s t e r  and
O' ^ i s  a measure o f  the p o la r  e f f e c t  o f  th e  s u b s t i t u e n t s ,  
and Eg are th e  resonance and s t e r i c  e f f e c t s  c o n sta n ts  
r e s p e c t iv e ly .  In  a c id  c a ta ly s e d  h y d ro ly ses  the p o la r  e f f e c t  i s  
n e g l ig i b le .  The la c k  o f  e f f e c t  o f  s u b s t itu e n ts  a r i s e s  because
1 6 1
i t  i s  a m u lt is te p  r e a c t io n , v/ith  th e  e f f e c t  o f  s u b s t itu e n ts  
f o r  some s t e p s  c a n c e l l in g  th o se  o f  o th e r s .




















E lec tro n  r e le a s in g  s u b s t itu e n ts  w i l l  a id  s te p  1 and h in d er  
s te p  2 , th u s producing a  fo r tu ito u s  b a la n c in g  e f f e c t  le a d in g  to  
a r e a c t io n  which i s  ap p aren tly  independent o f th e  natu re o f
□ u b stitiio n t R, I f  tlie  te r n s  c- p and are n e g l ig ib le  in  a
base c a ta ly s e d  system , a p lo t  o f  lo g  k/k^ a g a in s t  Eg w i l l  be
l in e a r ,  w ith  s lo p e  ^ . In  th e  r e a c t io n s  in v e s t ig a te d , ^ n i t r o -
phonol w ith  a c e t i c ,  p r o p io n ic , is o b u ty r ic  and p iv a l i c  an h yd rid es,
th e  range o f  i s  v e iy  low  (CH^- <r* =0#0,  (CH^)^^- P  = - 0 . 3 0 )  
*
but Ç may be a p p rec ia b le  (+2.5 f o r  a lk a l in e  a l ip h a t ic  e s t e r
h y d r o ly s is ) .  However, f o r  a  com parison o f  th e  s t e r i c  e f f e c t s
f e l t  by g e n e ra l base and n u c le o p h il ic  c a ta ly s e s ,  i t  i s  u su a l to
*
n e g le c t  t h i s  term , ^ • E^, a  measure o f  th e  resonance betw een
th e  s u b s t itu e n t  and the carb onyl group, i s  n e g l ig ib le *  I t  was 
assumed th a t  th e  T aft eq u a tio n  can be a p p lie d  to  e s t é r i f i c a t i o n s  
in  th e  same way a s  i t  has been s u c c e s s f u l ly  a p p lie d  to  Iiyd ro lyses, 
In  n u c le o p h il ic  c a t a l y s i s  th e  base c lo s e ly  approaches th e  
r e a c t io n  c en tr e  and w i l l  th u s ex p er ien ce  a la r g e  s t e r i c  e f f e c t  
a s  tho anhydride (o r  e s t e r )  i s  s u b s t itu te d  about th e  carbonyl 
carbon ( = 1 .4  in  the im id a zo le  c a ta ly s e d  h y d r o ly s is  o f
£ -n itr o p h e n y l e s t e r s ) .  G eneral base c a t a l y s i s  u s u a l ly  g iv e s
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low er   ^ v a lu e s  (0 ,49  in  tlie  im id a zo le  c a ta ly s e d  h y d r o ly s is  o f  
N -a cety lser in a m id e  e s t e r s .  S e c tio n  1 , B ï ( i i ) ) ,  F igure 3 g iv e s  
S = 0 ,7 7  + 0*08 and 0 ,8 8  + 0 ,1 0  f o r  th e  4 - p ic o l in e  and 3 -p ic o l in e  
c a ta ly s e d  r e a c t io n s  r e s p e c t iv e ly .  These v a lu e s  are regarded a s  
r a th e r  liig h  f o r  g e n e ra l base c a t a l y s i s ,  compared v /ith  e s t e r  
h y d r o ly se s , but 'ohe added s t e r i c  requirem ent f o r  a  phenol to  a c t  
a s  tho n u c le o p l i i le , a s  opposed to  a w ater  m o lecu le , undoubtedly  
e x p la in s  t l i i s  in c r e a s e .
Whether h yp ercon ju ga tion  i s  im portant in  th e se  r e a c t io n s  i s  
a  su b je c t  o f  d i s p u t e , T a f t  in d ic a t e s  th a t  h yp ercon ju ga tion  
e f f e c t s  ( in  e s t e r  h y d r o ly se s )  are g e n e r a lly  much sm a ller  tlian  
s t e r i c  e f f e c t s .  For HCOgR*, w ith  oc-hydrogens in  B, 
h y p ercon ju ga tion  w i l l  s t a b i l i z e  the u n sa tu ra ted  r e a c ta n t  s t a t e  
r e la t iv e  to  th e  sa tu ra te d  t r a n s i t io n  s t a t e  and, th e r e fo r e , w i l l  
in c r e a se  tlio a c t iv a t io n  energy and d ecrea se  the r a te  c o n s ta n t . 
When the a c e ta te  e s t e r  o r  anhydride h as oc-hydrogens rep la ced  by 
a lk y l  groups, the s t e r i c  e f f e c t  i a  in c r e a se d , red u cin g  th e  r a te  
o f  r e a c t io n , but tlie  liyp ercon ju ga tion  e f f e c t  i s  d ecrea sed , 
in c r e a s in g  the r a te ,  Hancock^^^ proposed a r e v is e d  T aft s t e r i c  
c o n sta n t
E° = Eg -  h{ar-3) ‘ ■ ^
where h i s  a  r e a c t io n  co n sta n t f o r  h yp ercon ju ga tion  and n
i s  th e  number o f  oc-hydragon atom s, (Quantum m echanical
83c a lc u la t io n s  by Kroovoy and B yring were used  a s  th e  b a s is  f o r  ♦ 
ta k in g  h = - 0 .3 0 6 .  A s l i g h t l y  b e t t e r  l in e a r  c o r r e la t io n  i s  
o b ta in ed  here f o r  th e  4—p ic o l in e  c a ta ly s e d  r e a c t io n  u s in g  E° 
v a lu e s ;   ^ = 0 , 4 4  + 0 ,05
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The deuteriiua io o to p e  e f f e c t .
The r e a c t io n  r a te s  o f  m -n itrop h en ol \7 ith  is o b u ty r ic  
anhydrido in  tho p resen ce  o f  3 -p ic o liix e  and 4—^ th y lp y r id in o  are  
reduced v;lien th e  p h en o lic  hydrogen i s  r ep la ced  by deuterium  
(T able 3 : 1 0 ) ,  IR ic leo p h ilic  c a t a ly s i s  i s  n o t ex p ected  to  show 
any deuterium  iso to p e  o f fe e t ,b e c a u s e  th e  r a te  d eterm in ing  ste p  
w i l l  n o t in v o lv e  th e  c lea v a g e  o r  p a r t ia l  c lea v a g e  o f  an OH bond# 
G eneral base c a t a l y s i s . should  show a s iz e a b le  is o to p e  e f f e c t  ( s e e  
S e c tio n  1 , B ( i i ) ) #
I n fo m a t io n  on th e  deuterium  is o to p e  e f f e c t s  in  hydrogen  
bonding i s  both  l im ite d  and c o n fu s in g . S in ^ i and Eao^^^ rep o rt  
th a t  th e  a s s o c ia t io n  co n sta n t betw een phenol and p y r id in e  in  
carbon te tr a c h lo r id e  i s  g r e a te r  than th a t  betw een p h en ol-d  and 
p y r id in e . A lso , tlie  en th a lp y  o f  form ation  i s  l e s s  (more n e g a t iv e )  
f o r  tho d eu tera ted  s p e c ie s .  More r e c e n t ly ,  hov/ever, Kolbe^^^ 
has rep orted  tho f ig u r e s  belov; f o r  th e  p y r id in e  b a se /p h en o l 
in t e r a c t io n  in  to lu en e#
TABLE 4:4
Base
p y r id in e  0 .4 4
4 - p ic o l in o  1 .4 0
2 , 6 ~ lu t id in o  , 1*18
The exp erim en ta l r a te  d i f f e r e n c e s  found in  th e se  a c y la t io n s  
were sm all and no m ech a n istic  in fo rm a tio n  was deduced from them# 
Order o f  th e  r e a c t io n  w ith  jznppect t#_|$he anh ydride.
Experim ents ( v i i i )  and ( i x )  have e s ta b l is h e d  th a t  th e se  
a c é t y la t io n s  are f i r s t  order in  th e  anhydride throughout th e
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c o n c e n tr a tio n  ronge otudied* F igure 9 shows th e  s t r a ig h t  l i n e  
ob ta in ed  when th e  a c e t ic  anhydride m o la r ity  i s  p lo t t e d  a g a in s t  
th e  pseudo f i r s t  order r a te  co n sta n t f o r  the i*eaction  o f  
£-»ohlorophenol w ith  a c e t i c  anhydride in  th e  p resen ce  o f  p yrid in e#  
The r a te  eq u a tio n  fzxm (3 )  i s $ -
Eato = SCa^xXACgO)
The s lo p e  o f  th e  l i n e  v / i l l  eq u al R vdiere i s  th e  second  
order r a te  c o n s ta n t . Now (Table 3*2)  i s  9 . 8 3  % 10“  ^ sec^^  
and, h en ce, k^ i s  1 .9 7  x  10*^ M"^8ec"~\^(CELlculated by d iv id in g  
k^ by tho anhydride m o la r ity , 0 .0 5  M). k^ c a lc u la te d  from th e  
s lo p e  o f  F igure 9 i s  2 .1 2  % 10"~  ^ iT'^sec'"^, shov.ing good agreem ent 
betw een the two exp erim en ta l d e ter m in a tio n s .
R eaction  o f  a-chL orophenol \7 ith  a c e t i c  anhydride in  th e  p resen ce  
o f  b a ses  o th e r  tlian  p y r id in e  b a se s . (jJyzperiment x i i ) .
I t  i s  u s u a l ly  found th a t  a  good B rônsted c o r r e la t io n  i s  
o n ly  ob to in od  when th e  b a se s  s tu d ie d  are  c o n s t i t u t io n a l ly  
s im ila r .  I t  was no su r p r ise  to  f in d  th a t  c o n st i'u u tio n a lly  
d i f f e r e n t  b a ses  had h ig lie r  or  low er  c a t a ly t i c  a b i l i t i e s  than  
t h e i r  pK^  ^ v a lu e s  would su g g es t  when compared w ith  the p y r id in e  
b a s e s .
(a ) A n il in e .
The pKg^  o f  aniline^"^^ i s  4 . 6 3  and, i f  b a s ic i t y  a lon e  
d e te m in o d  th e  e f f e c t iv e n e s s  o f  the c a t a ly s t ,  t h i s  compound 
sh ou ld  c a ta ly s e  tho r e a c t io n  a t  a  s lo w , but m easurable r a t e .
No r e a c t io n  cou ld  be d e te c te d  a f t e r  one day. The a s s o c ia t io n  
c o n sta n t o f  ^ -ch lorop h on o l w ith  a n i l in e  in  carbon  
tetraoh lorid e^ O ^  a t  27° i s  6 .1 8  ïïT^, which i s  v ery  low  compared 
to  1 1 2 .8  f o r  ^ c h lo r o p h e n o l and p y r id in e  (p l^  p y r id in e  = 
5 .20).
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r îu c leop h ilxc  c a t a l y s i s  w ith  a n i l in e  would proceed  through  
an in t e m e d ia t e  which cou ld  e a s i ly  lo s e  a  p ro ton , to  f o m  
a c e t a n i l id e  a s  an a l t e r n a t iv e  r e a c t io n  prod u ct.
CH— c— CH— E— \
No a c e ta n i l id e  cou ld  be d e te c te d , and th e  low  c a t a ly t i c  
a b i l i t y  o f  t h i s  base i s  a ss ig n e d  to  i t s  low  a b i l i t y  to  f o m  
hydrogen bonds w ith  the p h en o l. .
(b ) lo id a s o le .
F ir s t  order k in e t i c s  were observed when t h i s  base c a ta ly s e d  
th e  r e a c t io n , a lth ou g li d ir e c t  com parison o f  the r a te  w ith  th o se  
found in  tlie  p y r id in e  system  i s  im p o ss ib le  due to  c o n c e n tr a tio n  
d if f e r e n c e s .  Im idazole i s  known to  p o lym erise  i n  carbon  
te tr a c l i lo r id e  to  form o lig o m e rs , c o n ta in in g  up to  5 monomer 
u n i t s  T his, a s s o c ia t io n  makes thcA system  more complex than
th o se  a lrea d y  s tu d ie d  and 3 -m eth y lim id aso le  may be more s u ita b le  
f o r  fu r th e r  in v e s t ig a t io n .^ ^ ^
2 -M eth y lin id a zo le  was on ly  a  very  poor r e a c t io n  c a t a ly s t  
duo to  th e  s t o r ic  e f f e c t  o f  the m ethyl group. T liis group 
p r e v en ts  c lo s e  approach betw een the hyd roxyl oxygen ( in  the  
ph cn ol/2 -.m ethylim id aaolo  liydrogen-bonded complex) and th e  
anhydride r e a c t io n  c e n tr e ,
(c )  T rie  tliy lcn od iam in e ,
1 /5A study h as been made by S ch en k .ct a l .  on a t r ie t h y le n e -
d ia m in e /a c e t ic  aniiydride mix'bure in  carbon t e tr a c l i lo r id e  and
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Gpootroacopxc ov idence v/aa fotuad f o r  a s p e c ie s  o f  tho fo im i-
The in v e s t ig a t io n  was c a r r ie d  out a t  hi^ÿi c o n c e n tr a tio n s  
( 0 . 7  M 0#2 M ACgO). T rièth y len ed iam in e  i s  a ls o  known
to  hydrogen bond s t r o n ^ y  w ith  grohlorophenol^^^ and, a s  f i r s t  
ord er k in e t i c s  were observed  when t h i s  base a c te d  a s  a c a t a ly s t ,  
no d ed u ctio n s were made about th e  mechanism o f  t h i s  r e a c t io n ,
(d ) D im ethyl au lp h ox id e .
D im ethyl su lp h oxid e (DMSO) was o n ly  a  v ery  poor c a t a ly s t  f o r  
t h i s  r e a c t io n , even though i t  has a v e ry  h ig h  a b i l i t y  to  form  
hydrogen bonds. Gurka and Taft^^? have shown th a t  the  
a s s o c ia t io n  c o n sta n t o f  DMSO w ith  ^ -flu o ro p h en o l in  carbon  
t e tr a c h lo r id e  i s  h i ^  compared w ith  th e  v a lu e  ex p ected  from i t s  
b a s i c i t y  (pK^ = - 2 . 6 ,  un p u b lish ed  r e s u l t s  o f  D r.J .R .R akshys^^^). 
Some a s s o c ia t io n  co n sta n t v a lu e s  w ith  ^ -flu o ro p h en o l are  
reproduced below ( s e e  experim ent x i i ) .
TABLE 4*5
Sase K ( ir ^ )
4-DKA? 650 9 .7 1
DMSO 338 —2 . 6
4 -p ic o l in e 107 6 .0 0
p y r id in e 76 5 .20
The r e a c t io n  r a te  w ith  DMSO may be sm a ller  than exp ected  
because o f  a complex o f  th e  form :-
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The su lphur-oxygen  in t e r a c t io n  would reduce th e  
n u c le o p h i l i c i t y  o f  th e  hydroxyl oxygen and th e  s t e r i c  
c o n f ig u r a t io n  would be un favourab le  to  r e a c t io n .
( e )  Tetrahexylaipmonium b en zo a te . (Experim ent x i v ) .
The c a t a ly t i c  power o f  th e  benzoate  an ion  væis a s s e s s e d  by 
adding totrahexylammonium benzoate to  a carbon t e tr a c h lo r id e  
s o lu t io n  o f  2 -ch lo ro p h en o l and b en zo ic  an h ydride. A f a s t  r a te  
was ob served , which su g g e s ts  th a t  th e  benzoate  a n ion  i s  a good  
g e n e ra l base c a t a ly s t .  N u c le o p h ilic  c a t a l y s i s  cannot occu r in  
t h i s  system  s in c e  th e  in t e m e d ia te  formed would be id e n t ic a l  to  
th e  b en zo ic  anhydride s t a r t in g  z a a te r ia l.
The energy o f  a c t iv a t io n .  (Experim ent x i i i ) .
To e v a lu a te  E . , th e  a c t iv a t io n  en ergy , lo g  k . i s  p lo t t e d£* 8
a g a in s t  l /T  and th e  s lo p e  o f  the s t r a ig h t  l in e  ob ta in ed  eq u a ls  
-E g /2 .3 0 3  R. For the r e a c t io n  s tu d ie d , betw een £ -c î i lo r o phenol 
and a c e t i c  anhydride in  th e  p resen ce  o f  p y r id in e , E^ = 3 3 .9  k J . 
m ole"^. However, t l i i s  r e s u l t  does n o t taJce in to  c o n s id e r a t io n  
th e  changing degree o f  hydrogen bonding ex p er ien ced  betw een th e  
phenol and th e  base a s  th e  tem perature i s  in c r e a se d , and so i t  i s  
b e t t e r  to  u se  v a lu e s .  The a s s o c ia t io n  co n sta n t f o r  £ -c h lo r o -  
phenol and p y r id in e  i s  on ly  known a t  27° and, h en ce , was
c a lc u la te d , u s in g  the v a n 't  H off is o c h o r e , a t  each o f  the  
exp erim en ta l tem p eratu res. V alues are l i s t e d  in  Table 3 :1 6 . The 
p lo t  o f  lo g  k^ a g a in s t  l /T  g iv e s  Eg = 4 2 . 6  kJ .  mole*“^  and
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A h = 4 0 ,1  Hh 0 .4  IcJ. mole""^ (betv/een 0 -  4 0 ° ) ,where AH* i s  the  
en th a lp y  o f  a c t iv a t io n .
I f  the hydrogen bond betw een £ -ch lo ro p h e n o l and p y r id in e  i s  
broken in  th e  r a te  l im i t in g  s te p  o f  th e  r e a c t io n , th e  en th a lp y  
o f  t h i s  bond must be in co rp o ra ted  in  th e  a c t iv a t io n  energy a s
pp
proposed by K o s lc ik a llio , I f  t h i s  i s  s o , in  t h i s  r e a c t io n  i t
appears th a t  th e  en th a lp y  o f  a c t iv a t io n  c o n s i s t s  m o stly  o f  t h i s
hydrogen bond en th a lp y  o f  fom ation ^ ^ ^  (Ah 28 k J , mole*"^),
Vihen one c o n s id e r s  the very  f a s t  r e a c t io n  between phenate io n s
and a c e t ic  anhydride t h i s  seems r e a s o n a b l e , F u r t h e r
d is c u s s io n  o f  t h i s  su b je c t  i s  d e ferred  u n t i l  th e  t r a n s i t io n
s t a t e  proposed f o r  the r e a c t io n  i s  d e sc r ib ed  in  th e  n ex t s e c t io n .
Sim ultaneous r e a c t io n s .  (Experim ent x i v ) .
S im ultaneous f i r s t  ord er  r e a c t io n s ,  g iv in g  a  common p rod u ct,
u s u a l ly  g iv e  a curve when lo g  (a -x )  i s  p lo t t e d  a g a in s t  tim e ,
vfhere a = t o t a l  c o n c e n tr a tio n  o f  r e a c ta n ts .  The r e a c t io n  o f
£ -ch lo ro p h en o l w ith  a c e t ic  anhydride in  th e  p resen ce  o f  both
p y r id in e  and 4 -p ic o l in e  gave a  s t r a ig h t  l in e  when lo g  a / ( a - x )
v/as p lo t t e d  a g a in s t  t im e . T his r e a c t io n  cannot be regarded a s
150t r u ly  s im u lta n e o u s .^  However, th e  im p lic a t io n  which can be 
made from th e  k in e t ic  d a ta  i s  in t e r e s t in g .  S im ultaneous  
r e a c t io n s  (4 )  do n o t show sim ple k in e t ic  behaviou r b ecau se , from  
th e  r a te  eq u a tio n s -d A /d t = k^A and -d S /d t  = kgB, i f  ky, i s  
d i f f e r e n t  from kg th e  r e a c t io n s  are go in g  to  have d i f f e r e n t  h a l f  
l i v e s .
A ------ > C + ............
(4 )
B  C - f ............
In  the a c é t y la t io n  the p y r id in e  b a ses  are n o t used  up (found
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by p liy o ica l tech n iq u es and v e r i f i e d  k i n e t i c a l l y  h ere ) and the
in te g r a te d  r a te  e x p r e ss io n  v / il l ' l ia v e  th e  form ;-
- k . t  -k p t
lo g  (a -x )  = lo g  (A^e + B^e  ^ )
where A  ^ and B^  are th e  i n i t i a l  c o n c e n tr a tio n s  o f  the two
hydrogen-bonded s p e c ie s .  U n fo r tu n a te ly , accu ra te  f ig u r e s  are
n o t a v a ila b le  f o r  A_ and
0 0
B, Meclianism.
A lc o h o ls  are l e s s  s e n s i t iv e  to  p y r id in e  c o n c e n tr a tio n  than  
p h en o ls in  th o se  a c y la t io n  r e a c t io n s  ( s e e  F igure 19 b ) .  I f  a  
n u c le o p h il ic  c a t a l y s i s  v/ere talcing p la c e  th e  o p p o s ite  order  
would be exp ected  or a t  l e a s t  the a lc o h o l  and phenol r e a c t io n s  
would have s im ila r  r a te s .  This a g a in  makes n u c le o p h il ic  
c a t a l y s i s  lo o k  d o u b tfu l in  t h i s  r e a c t io n .
G eneral base c a t a l y s i s  i s  th e  o n ly  mechanism which i s  
c o n s is t e n t  w ith  exp erim en ta l f a c t s ,  and th e  meclianism f o r  t h i s  
c a t a l y s i s  i s  now d is c u s s e d . (Hardly any o th e r  mechanism i s  
p o s s ib le  in  t h i s  system  e x cep t n u c le o p h il ic  c a t a l y s i s .  A ttack  
by tho base a t  the oç-hydrogen atoms o f  th e  an h yd rid e, a s  in  th e  
l ia lo g e n a tio n  o f  k e t o n e s , i s  n o t con sid ered  l i k e l y  s in c e  
b en zo ic  and p iv a l i c  an liydrides r e a c t  r e a d i ly ,  a lth ou gh  no 
oc-hydrogens are p r e se n t . )
A t r a n s i t io n  s t a t e  f o r  g e n e ra l base c a t a ly s i s  i s  proposed  
o f  th e  form ( I ) .  There are se v e r a l p o in ts  in  favou r  o f  such a 
t r a n s i t io n  s t a t e  : -  .
(a )  By c o n s tr u c t in g  m odels o f  t h i s  t r a n s i t io n  s t a t e ,  assum ing
th a t  tho hydroxyl oxygen a t ta c k s  the carbonyl carbon from a
151d ir e c t io n  p erp en d icu la r  to  th e  carb onyl group,^ i t  can be seen
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th a t  the p y r id in e  m oleciile  c lo s e ly  approaches the o th e r  carbonyl 
croup o f  the anhydride m o lecu le .
(I)
An in to r a c t io n  o f  th e  form ( I I )  i s  the accep ted  p recu rsor  
to  th e  acy lp yrid in iu m  io n  form ation , but a s  th ere  i s  no d e f i n i t iv e  
c a t io n ic  c h a r a c te r , i t  i s  d i f f i c u l t  to  o b serve .




( I I )
An in t e r a c t io n  such a s  t h i s  probably occu rs in  ( I )  and
20can be lik e n e d  to  a s o lv a t io n  e f f e c t .  No exp erim en ta l 
ev id en ce  h as been found f o r  a  second p y r id in e  m olecu le  a c t in g  
a s  tho s o lv a t in g  s p e c ie s .
(b ) A b ifu r c a te d  hydrogen bond e x i s t s  between th e  hydroxyl 
group and th e  p y r id in e  and th e  carbonyl oxygen. B ifu rca ted  
liydrogen bonds v;ore proposed a s lo n g  ago a s 1940 by Errea e t  al^^^
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t i i  cUJ.uto m t o r  l a  d loxaae and pyrlO lno* Dock o t
uood a  M fu rc a to d  hyûrogoa txmd to  o:?pXaia tho r e a c t iv i t y  o f  
c io -5 -4 iy to o x y -2 -p h o 2 jy l--l,3 -d io x n n  (ooo S e c tio n  1 ,  X X III).
îüiiD bond renovoD th o  a o o o o c ity  o f  adding th o  co a p lo to  
hydrogoii bond onlâialiiy t o  th o  a c t iv a t io n  oncrcy o in c o , i a  ( I ) ,  
tho  lîydrogon bond to  p y r id in e  i o  b e in g  brokon t îâ îi ls t  th a t  to  
o c o t ic  a c id  i o  b e in g  fozood# S a is  in t e r a c t io n  ohoold  o lo o  oake  
tho r e a c t io n  noro thoarzodync^iioally favoured  by th o  p rod u ction  
o f  a  more o ta b lo  hydrogen bond rdtti a c e t i c  a c id  p h o23o l...
p y r id in e  «  4 6 .3  ^asQ o c id .  ♦ .p y z ld in o  « 220 îT ^ ) .
(o )  In  t i l l s  t r a n s i t io n  o ta te  th e re  i o  v i r t u a l l y  no D oparotion  
o f  ohargo w liich would bo o n o r g o t ic a l ly  u n favourab le  i n  a  non­
p o la r  n c d iu o . A loo th e re  i c  no n o c o o o ity  f o r  a  to tx a lie d r o l  
ooniîLox to  bo p o o tu la te d .
(d )  There o re  two o th e r  in to r a c t io n c  w hich may be o f  Im portance 
in  t h io  tr o n a it ic m  s t a t e .  (1 )  F eath er  and Gold^^ p o o tu la te d  on  
ia to x a o t io n  o f  th o  fo r o  ( I I I )  viicn in v o o t ig a t in g  tho io d in a t io n  
o f  k e to n e s .
( I l l )
Tho in to r a c t io n  bo two on th e  p y r id in e  n itr o g e n  and th e  
carb on yl carbon i s  o i n i l a r  to  th a t  proposed i n  ( I ) .  Tho 
a d d it io n a l  in t e r a c t io n  betw een tho -hyd rogen  atcxae o f  tho  
ko ton e  (o r  on îiydrido) and tho p y r id in e  n itr o g e n  i o  more d o u b tfu l.
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( i l )  oliowod th a t  i a  o o o t ic  a c id  a  o i e -  o a A o a y l group
i o  favou red  th o m o d y n o n ic o lly  ovor a  tr a a o -  group# T h is o i s -  
c o n fo r o a t io a  may o lo o  bo favoured  i a  tho  hydrogoa-bondod coop lox  
by a  o t a b i l io ia g  ia t o m o t lo a  botwooa tho oarb oay l oxygon atom  
and th o  oc-hydrogon a to a  o f  tho  baoo a o lo cu lo #
CH.-C
(IV )
Tho o io -  f o m  o f  a c o t ic  a c id  in  (IV ) can  bo ob to in od  f r o n  
( I )  w ith ou t o ig a i f io a n t  n o lo c u la r  o r ie n ta t io n #
( e )  ï l i i o  o o o tio n  i o  r o a l ly  an ox ton o ion  o f  (a )  W t i t s  
in p o rta a co  warranto ooparate d is c u o o io n . Tho clm rgo c H o tr ib u tio a  
i n  tho hydrogen bond roprooontod i n  ( I )  i o  n o t u s u a l , l ,o *
S4-
— 0 — H ----
I t  i o  much noro u ou o l to  d e p ic t  t lie  hydxugca bond ao th e  
in to m o d ia t©  o to p , b e fo re  o o ip lo te  charge o o p a ra tio n .
^  -  + / /—0—n — iî^ 'K— — 0 . nn^
E^perim ontol ovidonoo f o r  tho  d ia ig o  d io tr ib u t io n  i a  th e  hydrogen  
bond i o  v ery  d i f f i c u l t  t o  fin d #  v,hat i o  o o r ta ia  i o  th a t  th e  
hydrogen atom i o  a lw ays doaudod o f  o lo c tr o n o  ouch t im t th e  
p roton  s ig n a l  i n  HIE opoctroocopy o c v o s  dovmfiold#^^^
R e ce n tly , tho th eo ry  o f  tho hydrogen bond was roview od by 
Kollman and Allon^^^ and tho fo U o v d n g  g o n o r a lis a t io n o  wore cado  
from p o p u la tio n  a n a ly s e s  on b oth  tho  i s o la t e d  a p o c io s  and tho  
hydrogon-boadod c o a p lo x i-
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( i )  Tho h y d r o g w  i n  t h o  h y d r o g e n  b o n d  l o o o c  o l o c t r o n o  
I iy d r o g o a  b o n d i n g .
( i i )  Tho o l o o t r o a o c s a t i v o  a t o o o  g a i n  o l o o t r o n o f  o o r o  
o l o c t r o n o  a r e  g a l n o d  b y  t h o  o lo c t r c x a o g n t i v o  a t o o  o n  t h o  p r o t o n  
d o n o r  o o l o o u l o .
( i i i )  T ho l o r g o a t  l o o o  o f  o l o c t r o a a  o c o u r o  a t  t h o  h y d r o g o n o  
( o r  c a r b o n )  i z x i o d i a t o l y  a t t a c h e d  t o  t h o  p r o t o n  a c c o p t o r  o o l o c u l o .
A l th o u c i i  t h o  o n o r g y  a n d  a t o o i c  p o p u l a t i o n  o f  t h e  h y d r o g e n  
b o n d  b o tw o o n  p l io n o l  a n d  p y r i d i n e  h o v e  n o t  y e t  b o w  o a l o u l a t o d ,  
t h o  r o o u l t o  f o r  o i n p l o r  o y o tc o o  a r o  v e r y  i n t o r o o t i n g .  Tho 
o m o n i a / m t o r  a n d  a t x ^ n i o / b y d r o G o a  f l u o r i d e  q y s t w o  h a v o  b o o n  
i n v o o t i g a t o d . ^ ^ ^  I n  b o t h  c a o o o  i t  w ao  f o u n d  t h a t  -Wio a t o o  
d o n a t i n g  t h o  l o n o  p a i r #  t h o  o m o n i a  n i t r o g e n #  f i r o t  g a i n s  
o l o o t r o n  d o n o l t y  ( a o  t h o  o o l o o u l o o  a p p r o a c h  o a o h  o t i i o r )  a n d  t h o n  
l o o o o  o l o o t r o n  d o n o l t y  u p o n  o l o s o r  a p p r o a c h .  I n  n e i t h e r  c a o o #  
h o w o v o r#  w ao  t h o  o l o o t r o n  d o n o l t y  l o o o  a t  t h e  h y d r o g e n  b o n d  
d i o t o n o o  t h a n  i n  t h o  f r o o  o m o n i a  a o l o c u l o .  s i m i l a r  o o l c o l a t i o n c  
h o v e  b e e n  m d o  b y  o tH io r  w oxtcoro#  v d t h  t h o  o a o o  o v o m l l  r o o u l t o ^ ^ ^  
Tho r a t e  d o t o m i n i w ;  o to p #
A g e n e r a l  b a o o  oatalyood o u b o t i t u t i o n  o n  tho c a r b o n y l  
c a r b o n  c a n  o o n o o i v a b l y  t a k e  p l a c e  b y  a  s ^ a o h r o a c a o  o n e - ^ t o p  
p r o c o o o ,  o r  b y  o n  a d d i t i o n - o l i n i n a t i o n  o o o h a n i o o .  T h o e o  tw o  
p r o o o o o o o  a r o  k i n e t i c a l l y  o q u i v a l w t  a n d  c o n  o n l y  b o  
d i o t i n g o i o h o d  b y  i n d i r o c t  e v i d a n c e #  m o h  a o  t h o  p h y d c a d .  
d e t e c t i o n  o f  o n  i a t o r o e d i o t o » ^ ^ ®  B i o o l o c u l o r  a c y l a t i o n  r o o o t i o n o  
o r e  u o u o U y  c o n o i d o r o d  t o  b o  d o o i n a t e d  b y  b o n d - f o z n i o g  
p ro o o o o o o ® ^  ( a l t h o u g h  a n  o:«3option h a o  b o o n  p o s t u l a t e d  b y  I b r lo d y  
a n d  S a t c h o l l ^ ^ ® )  a n d  th is  p r o b a b l y  o c o u r o  h e r o .
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0 .  A c é ty la t io n  c a ta ly s e d  by 2 .6 - lu t id in e #
2 ,6 -L u t id in e  c a ta ly s e s  a  v ery  f a s t  r e a c t io n  betw een  
32rCblorophenol and a c e t i c  anliydride to  form tlie  a c e ta te  
(exp erim en t x x v i^ . Only sm all amounts o f  a c e ta te  are produced  
and no fu r th e r  r e a c t io n  can be m on itored . S im ila r  r e s u l t s  were 
found in  tlie  ^ n it r o p h e n o l  system s (exp erim en ts x v i i  and x v i i i )  
and the s o lv e n t  does n o t appear to  a f f e c t  th e  r e s u l t s  
s i g n i f i c a n t ly  (exp erim en ts x ix ,  x x , x x i  and x x i i ) .  F ig u res  12  
and 13 shov/ how th e  i n i t i s i l  f a s t  a c e ta te  p rod u ction  v a r ie s  a s  
th e  2 ,6 - lu t id in e  c o n c e n tr a tio n  i s  changed. F igure 13# a  p lo t  o f  
p ercen tage  r e a c t io n  a g a in s t  th e  square o f  th e  2 # 6 - lu t id ia e  
m o la r ity , i s  s im ila r  to  F ig u re s  5 and 6 . T his s im i la r i t y  
su g g e s ts  th a t  tho mechanism o f  t h i s  r e a c t io n  may in v o lv e  two 
base m olecu les*
W h ilst in v e s t ig a t in g  th e  p y r id in e  c a ta ly s e d  l iy d r o ly s is  o f  
a c e t i c  anh ydride, Jencks^^ found th a t  a  p lo t  o f  r a te  co n sta n t  
a g a in s t  p y r id in e  m o la r ity  gave a downward s lo p in g  curve and n o t  
th e  exp ected  strE iight l i n e .  The s e l f  a s s o c ia t io n  o f  p y r id in e  
( in  w ater) c a u se s  t h i s  d e v ia t io n  from l i n e a r i t y .  T h is h y d r o ly s is  
i s  an example o f  n u c le o p h il ic  c a t a l y s i s  ( s e e  S e c t io n  1 ,B  ( i i ) )  
and th e  a s s o c ia te d  p y r id in e  was assumed to  be n o n -c a ta ly t ic  
because o f  th e  la r g o  s t e r i c  h indrance f e l t  when th e  dim er 
approaches th e  e le c t r o p h i l i c  c e n tr e . S im ila r  r e s u l t s  ivere 
ob ta in ed  w ith  3 ,4 - lu t id in e  and an a s s o c ia t io n  co n sta n t o f  10 
was su g g ested  f o r  t h i s  base a s  th e  v a lu e  b e s t  f i t t i n g  the  
exp erim en ta l r e s u l t s .
There i s  ample p h y s ic a l  ev id en ce  t l ia t  p y r id in e  b a ses  
d im erize  in  s o lu t io n .  The NMR experim ents o f  H atton and
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Richards^^^ gavo ev id en ce  f o r  a  4 - p ic o l in e  .dimer in  carbon  
t e t r a c l i lo r id e  o f  th e  form (V)
4
(V)
In  t h i s  typ e o f  a s s o c ia t io n ,  enhanced s h ie ld in g  would be 
f e l t  by th e  m ethyl and K p ro ton s by a  r in g  cu rren t e f f e c t ,  th u s  
s h i f t i n g  th e  reson an ces o f  th e se  p ro to n s to  h ig h er  f i e l d ,  _ 
S im ila r  ev id en ce  was found by M urrell and Gil^^^ whose work 
in c lu d e d  s o lu t io n s  o f  2 ,6 - lu t id in e  ( 0 .2 5  M) and 2 ,4 ,6 - c o l l id i n e  
i n  carbon t e t r a c h lo r id e .  These workers favou r  a  more sym m etrical 
a s s o c ia t io n  o f  th e  form (V I)
On
(VI)
The p o la r iz a t io n  o f  charge in  th e  p y r id in e  r in g  would 
fa v o u r  t h i s  more sym m etrical a s s o c ia t io n ,  i . e .  one in  which th e  
c e n tr e  o f  one m olecu le  i s  more n e a r ly  above the c e n tr e  o f  th e  
o th e r . The c r y s t a l  s tr u c tu r e  o f  th e  a za -a ro m a tics  shows th a t
1 7 6
th e  n itr o g e n s  ten d  to  l i e  d ir e c t ly  above p o s i t iv e  carbons in
a d ja c en t m o l e c u l e s . A s s u m i n g  v a lu e s  o f  ^ a s s o c ia t io n  
20 and 30 s u c c e s s iv e ly  f o r  th e  s e l f  a s s o c ia t io n  o f
2 ,6 - lu t id in e  in  carbon t e t r a c h lo r id e ,  tjre fo l lo w in g  v a lu e s  f o r  
dim er m o la r ity  wore c a lc u la te d  a t  in c r e a s in g  base m o la r i t ie s .
TABLE 4*6
6 - lu t id in e dimor m o la r ity  x  10^ a c e ta te
(10% M) 10 IT^ 20 ir ^ 30 IT^ m olaràty  x 10
2 .0 a  90 4 .6 8 5 .9 3 3 .75
1 .6 1 .9 5 3 .2 5 4 .1 8 2 .9 5
1 ,2 1 .1 5 2 .0 0 2 .6 3 2 .0 0
0 .8 0 .5 5 1 .0 0 1 .3 3 1 .1 5
0 .4 0 .1 5 0 .2 8 0 .3 8 0 . 35"
The a c e ta te  m o la r ity  v a lu e s  are t a le n  from th e  r e a c t io n  o f  
Eÿ-nitrophenol (0 .0 0 5  M) w ith  a c e t ic  anhydride (0 .0 5  M) in  th e  
p resen ce  o f  2 ,6 - lu t id in e  (experim ent x v i i ) .  I t  can be seen  th a t  
up to  60^ i n i t i a l  r e a c t io n , th e  v a lu e s  f o r  th e  dim er m o la r ity , 
c a lc u la te d  from th e  a s s o c ia t io n  c o n sta n t v a lu e  o f  20 c lo s e ly
fo l lo w  th e  exp erim en ta l r e s u l t s .  I f  th e  dimer i s  co m p lete ly  
com plexed w ith  th e  ^ -n itr o p h e n o l, and i f  t h i s  complex i s  very  
r e a c t iv e  ( n u c le o p h i l ic ) ,  th en  th e  above r e s u l t s  would be e x p e c ted .  
V/hat i s  n o t im m ediately  apparent i s  why th e  r e a c t io n  s to p s  sh o rt  
o f  co m p letio n . However, i t  i s  e v id e n t th a t  th e  f a s t  r e a c t io n  i s  
v ery  s e n s i t iv e  to  added a c e t i c  a c id  ( s e e  experim ent x v i i i  and 
F igure 14 ) and th e  r e a c t io n  can be a lm ost stopped i f  enough a c e t i c  
a c id  i s  p r e s e n t . I f  th e  i n i t i a l  f a s t  r e a c t io n  p roceed s th r o u ^  
th e  t r a n s i t io n  s t a t e  ( I ) ,  th e  2 ,6 - lu t id in e  dimer can complex w ith
1 7 7
the l ib e r a te d  a c e t i c  a c id , which would e f f e c t i v e l y  stop  th e  
r e a c t io n . A c e tic  a c id  a ls o  form s stro n g  hydrogen-bonded com plexes 
w ith  2 , 6 - lu t id in e  monomers and t h i s  cou ld  in h ib i t  fu r th e r  
d im e r iz a t io n  o f  th e  b a se .
V»lien th e  anhydride c o n c e n tr a tio n  i s  reduced (experim ent 
x v i i ) ,  o n ly  a sm all d ecrea se  in  th e  i n i t i a l  a c e ta te  p rod u ction  
i s  ob served , a s  would be exp ected  i f  t h i s  mechanism i s  c o r r e c t .
From th e  curve in  F igure 1 4 , a  v a lu e  f o r  th e  a s s o c ia t io n  
co n sta n t betw een ^ n itr O p h e n o l and th e  2 , 6 - lu t id in e  dim er may be 
found# Only an approxim ate v a lu e  can be e stim a ted  because o f  
th e  v a r io u s  assum ptions made.
Km
(m-NOgphenol.. . 2 , 6 - lu t id in e  ) + 2 , 6 - lu t id in e
(m-NOgPhenol. . . ( 2 , 6 - lu t id in e ) g  )
Four assum ptions must be m ade:-
(1 ) The eq u a tio n  above i s  assumed to  rep re sen t th e  
a s s o c ia t io n  e q u i l ib r ia .  T h is i s  by no means c e r ta in  s in c e  th e  
phenol may a s s o c ia t e  d i r e c t ly  w ith  th e  2 , 6 - lu t id in e  dim er. T h is  
p o in t  i s  d is c u sse d  fu r th e r  below .
(2 )  A ll  th e  ^ n it r o p h e n o l  i s  a s s o c ia te d  w ith  a t  l e a s t  one
2 , 6 - lu t id in e  m o lec u le .
(3 )  A ll  th e  a c e t ic  a c id  produced in  th e  r e a c t io n  i s  
a s s o c ia te d  v /ith  a t  l e a s t  one 2 , 6 - lu t id in e  m o lec u le .
(4 )  A ll  o th e r  in t e r a c t io n s  are n e g l ig ib le  compared w ith  
th o se  concerned in  th e  eq u ilib r iu m .
The a s s o c ia t io n  co n sta n t w i l l  have tlie  foim%-
_____________(y)_______________
%  ( 0 .0 0 5 - y ) ( 2 , 6 - lu t id in e )
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where y  i s  th e  i n i t i a l  m o la r ity  o f  a c e ta te  produced in  th e  
r e a c t io n  (e q u iv a le n t  to  th e  m o la r ity  o f  th e  h ig h ly  r e a c t iv e  
^ n itr o p h e n o l/d im e r  com p lex). 0 .005  M i s  th e  i n i t i a l  m o la r ity  
o f  ^ n i t r o p h e n o l .  The 2 , 6 - lu t id in e  m o la r ity  i s  g iv e n  by*-
( 2 , 6 - lu t id in e )  = ( 2 , 6 - l u t i d i n e ) ^ ^ ^  -  0 .0 0 5  -  (AcOH)
where (AcOH) i s  th e  t o t a l  a c e t i c  a c id  p r e sen t a t  th e  end o f  
tho  r e a c t io n . At any p ercen tage  r e a c t io n  th e  a c e t i c  a c id  m o la r ity  
may be read f r o m  F igure 14 and can be c a lc u la te d . R e su lts  are  
g iv e n  below in  Table 4*7 .
TABLE 4*7 








= 96 + 8 IT^
Below 20^ r e a c t io n  th e  e rr o r  in  th e  2 , 6 - lu t id in e  m o la r ity  
term becomes la r g e  and n e g a t iv e . C on sid erin g  th e  e r r o r s  
in trod u ced  by malcing th e  assu m p tion s, th e  v a lu e  o f  = 96 + 8 
i s  s u r p r is in g ly  good (a  maximum e r r o r  o f  about 1 0 ^  i s  u s u a lly  
a llo w ed  on a s s o c ia t io n  c o n sta n t values^®® ^  ^) .
There are  two form s which th e  ph en ol/d im er hydrogen-bonded  







The KMR ev id en ce  p r e Dented by M urrell and Gil^^^ f o r
2 , 6 - lu t id in e  dimer fo im a tio n  showed o n ly  a very  s n a i l  d if fe r e n c e  
betw een the p roton  reson an ces o f  th e  m etliyl groups in  pure l iq u id  
base and carbon te tr a c h lo r id e  so lu tio n *  T his su g g e s ts  th a t  th e  
m ethyl groups are n o t in  th e  c lo s e  p rox im ity  o f  th e  n itr o g e n  
atom a s  in  (V) and (V I ) . The phenate io n  i s  known to  be h ig h ly  
r e a c t iv e  tow ards a c e t ic  anhydride and i f  t h i s  s p e c ie s  i s  formed 
in  (V II) th e  v ery  f a s t  i n i t i a l  r e a c t io n  i s  e x p la in e d , Whether 
th e  phenol v/ould be deprotonated  d ir e c t ly  by th e  dim er, or  by a  
monomer w ith  th e  io n  p a ir  th en  formed so lv a te d  by a  second base  
m o lec u le , would be d i f f i c u l t  to  e s t a b l i s h .
(2 )  I t  was found w ith  th e  l e s s  a c id ic  p h en o ls , th a t  the p resen ce  
o f  an oth er  b a se , e .g .  3 ,4 - l u t i d i n e ,  g r e a t ly  enhanced the i n i t i a l  
a c e ta te  p rod u ction  (experim ent x x v ) . I f  3 ,4 - lu t id in e  (0 .0 2  M) 
i s  added to  a s o lu t io n  o f  p^-chlorophenol (0 .0 1  M), a c e t ic  
anhydride (0 .0 5  M) and 2 , 6 - lu t id in e  (0 .1 0  M), n e a r ly  80^ r e a c t io n  
was observed  a f t e r  one m in u te . There are two rea so n s why t h i s  
may happen.
( i )  The 2 , 6 - lu t id in e  and 3 # 4 - lu t id in e  cou ld  a s s o c ia te  
to g e th e r  to  form a  Eastern a s  in  (V I I ) .
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( i i )  The second base m olecu le  cou ld  s o lv a te  a  2 , 6 - l u t i d i n e /  







T h is s p e c ie s  cou ld  e a s i ly  be d er iv ed  from th e p h en ol/d im er  
complex a s  in  (V I I ) . Ac th e  pK^  ^ o f  th e  second b ase in c r e a s e s ,  
th en  GO does th e  p ercen tage i n i t i a l  r e a c t io n . T h is i s  exp ected  
i f  s o lv a t io n , a s  d e p ic ted  in  (V I I I ) ,  ta k e s  p la ce  (s e e  experim ent 
XXV and F igure 1 7 ( b ) ) .
D. A c é ty la t io n  o f  compounds c o n ta in in g  in tr a m o le cu la r  hydrogen  
bonds or  s e l f  a s s o c ia te d  s p e c ie s .
T ables 3*34 aud ,3*35 sliow th a t  a lc o h o ls  c o n ta in in g  
in tr a m o le c u la r  hydrogen bonds are a c e ty la te d  a t  a slo w er  r a te  
than  compounds which do n o t c o n ta in  such bonds. A lso , a s  
ex p ected  in  a g e n e ra l base c a t a l y s i s ,  th e  r e a c t io n  o f  an a lc o h o l  
i s  r a th e r  i n s e n s i t iv e  to  added p y r id in e  compared to  the r e a c t io n  
w ith  a p h en o l. (T able 3*36 and F igure 1 9 ( b ) ) .
There are s e v e r a l rea so n s why a red u c tio n  in  r a te  would be 
ex p ected  f o r  th o se  a lc o h o ls  c o n ta in in g  in tr a m o le cu la r  hydrogen  
bonds.
IB I
( i )  The s t e r i c  e f f e c t .
In  th e  r e a c t io n s  w ith  p h en o ls , a su b s t itu e n t  in  the  
o c -p o s it io n  o f  e i t h e r  th e  p y r id in e  base or  th e  phenol v / i l l  
p r o h ib it  r e a c t io n . S im ila r ly , i t  was found th a t  when 2 - p ic o l in e  
was added to  a  3 -p h en yb -l-p rop an o l and a c e t ic  anhydride s o lu t io n ,  
th e  a c é t y la t io n  r a te  was reduced . Both th e  p y r id y l a lc o h o ls  
s tu d ie d  h ero , c o n ta in in g  in tr a m o le cu la r  hydrogen bonds, c o n s is t  
e s s e n t i a l ly  o f  a  p y r id in e  m olecu le  s u b s t itu te d  in  th e  o c -p o s it io n .
( i i )  S o lv a t io n .
I f  a  t r a n s i t io n  s t a t e  such a s  ( I )  i s  formed i n  th e se
a c é t y la t io n s ,  th e  s o lv a t io n  e f f e c t  o f  th e  p y r id in e  on th e
anhydride cou ld  be very  im portant in  red ucin g  th e  a c t iv a t io n  
20en ergy . No such s o lv a t io n  e f f e c t  would be p o s s ib le  in  the  
o-m othoxybenzyl a lc o h o l r e a c t io n , v/hich would e x p la in  th e  
reduced r e a c t iv i t y  o f  t h i s  compound. M olecu lar m odels in d ic a te  
th a t  such an e f f e c t  i s  s t i l l  p o s s ib le  w ith  the p y r id y l a lc o h o ls .
( i i i )  The s tr e n g th  o f  th e  hydrogen bond*
I f  the in tr a m o le c u la r  hydrogen bond has to  be broken b e fo re  
r e a c t io n  can p roceed , th en  th e  a c t iv a t io n  energy i s  in c r e a se d  
by a t  l e a s t  a  s u b s ta n t ia l  p art o f  th e  energy req u ired  to  break  
t h i s  bond. I f  t h i s  energy^^^ were 1 2 .5  k J . mole""^, th en  th e  
r a te  w i l l  be retard ed  about 30 tim es a t  25^, p rovided  th a t  th e  
entropy o f  a c t iv a t io n  remained unchanged. The r e a c t io n  would 
th en  be slow  compared to  th e  r e a c t io n  o f  a lc o h o l m o lecu les  n o t  
c o n ta in in g  in tr a m o le cu la r  hydrogen bonds.
With th e se  in tr a m o le c u la r ly  hydrogen-bonded a lc o h o ls  th e  
bond energy e f f e c t  cannot be o f f s e t  by th e  p rod u ction  o f  a  more 
s ta b le  a c e t ic  a c id  hydrogen-bonded s p e c ie s  because (a )  i n t e r -
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m olecu lar  hydrogen-bonded s p e c ie s  w ith  th e  a c id  w i l l  be 
s t e r i c a l l y  h i n d e r e d , ( b )  i t  i s  d eb atab le  w hether the a c e t ic  
ac id /£ -m eth oxyb en zy l a c e ta te  hydrogen-bonded s p e c ie s  v/ould 
c o n ta in  a  s tr o n g e r  hydrogen bond than th a t  in  th e  a lc o h o l (no 
f ig u r e s  a v a i la b le )  and (c )  form ation  o f  an a c e t a t e /a c id  hydrogen- 
bonded s p e c ie s  d ir e c t ly  from th e proposed t r a n s i t io n  s ta t e  would 
n o t g iv e  an o v e r a l l  favou rab le  entropy o f  r e a c t io n .
These th r ee  e f f e c t s  can c le a r ly  account f o r  th e  observed  
h ig h e r  a c é t y la t io n  r a te  o f  3 - ( 4 -p y r id y l) - l-p r o p a n o l (9 .5 0  x 10""^  
sec~^ ) ,over 3 - ( 2 -p y r id y l) - l-p r o p a n o l (6 .9 1  x 10“  ^ se c “ ^ ) .  No 
com parison was made between the ortho and para s u b s t itu te d  
p y r id y l e th a n o ls  because 2 - (4 -p y r id y l)e th a n o l was u n a v a ila b le . 
However, p h en y leth an o l was s tu d ie d , g iv in g  a r a te  co n sta n t o f  
7 .3 9  X 10*“  ^ sec~^ compared to  1 .1 8  x 10*’  ^ sec*"^ f o r
2 - (2 -p y r id y l)e th a n o l .  D ir e c t  com parison betw een th e se  two 
compounds cannot be made f o r  two r e a so n s , ( i )  th e  in d u c t iv e  
e f f e c t s  o f  th e  p h en y l- and p y r id y l-  groups are d i f f e r e n t  ( c . f .  
pK  ^ = 4 .1 9  b en zo ic  a c id ; pK^  ^ = 4 .8 5  3 -p y r id in e c a r b o x y lic  a c id )  
and t h i s  e f f e c t  w i l l  be a p p rec ia b le  through on ly  two carbon  
atom s, ( i i )  P h en yleth an ol i s  in tr a m o le c u la r ly  hydrogen-bonded  
i n  carbon t e tr a c h lo r id e  (s e e  S e c tio n  3 ,B  ( i i ) )  .which in tr o d u ce s  
fu r th e r  c o m p lic a tio n s . P h en yleth an ol r ea c te d  about 7 tim es  
f a s t e r  than 2 - (2 -p y r id y l)e th a n o l su g g e s t in g  th a t  th e  
in tr a m o le cu la r  hydrogen bonding p r e sen t in  the l a t t e r  a lc o h o l  
does n o t s ig n i f i c a n t ly  enhance th e  r e a c t i v i t y .
A c é ty la t io n  o f  e th a n o l w ith  a c e t ic  an h ydride.
E thanol i s  known to  s e l f  a s s o c ia t e  in  carbon te tr a c h lo r id e  
to  form l in e a r  dim ers and tr im e r s , c y c l i c  te tram ers and sm all
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amounts o f  h ig h e r  p o l y m e r s . I n  th e  r e a c t io n  betw een a c e t ic
anliydride and e th a n o l (experim ent B ( v ) ) ,  a s  th e  c o n c en tr a tio n
o f  th e  a lc o h o l was in c r e a se d  th e  second order r a te  co n sta n t
decreased* The s e l f  a s s o c ia t io n  o f  th e  a lc o h o l i s  r e sp o n s ib le
f o r  t l i i s  d e c r e a se , s in c e  a  hydrogen bond in  th e  a s s o c ia te d
22s p e c ie s  has to  be broken b e fo re  r e a c t io n  can p roceed . A lso
observed  hero was an apparent a u t o c a t a ly s is  by th e  l ib e r a t e d
a c e t i c  a c id , hydrogen bonding o f  t h i s  a c id  to  th e  anhydride
would be exp ected  to  in c r e sa e  the r a te  o f  r e a c t io n  whereas
hydrogen bonding to  the a lc o h o l should  d ecrease  i t s
n u c le o p h i l i c i t y  and reduce the r a te .  H ere, th e  r a te  enliancing
e f f e c t  vd.th th e  anhydride i s  more im portant tlian  th e  r e ta r d in g
e f f e c t  f e l t  by th e  a lc o h o l .
T r if lu o r o a c e ty la t io n  o f  p h en o l.
At a c o n c e n tr a tio n  o f  0 .1  M in  carbon t e t r a c h lo r id e ,  phenol
i s  p r e sen t a s  77^ monomer and th e  dim er c o n c e n tr a tio n  i s  4 -  5
tim es th e  tr im er  c o n c e n tr a tio n . These e s t im a te s  were made by
157H uggins and h i s  co-w orkers ‘ from th e  data  o f  C oggesh a ll and 
Saler.lGG
Phenol (0 .0 2 5  -  0 .2  M) was r ea c te d  w ith  t r i f lu o r o a c e t ic  
anhydride to  observe i f  phenol dim ers o r  tr im ers are n o n -r e a c t iv e  
(o r  e x h ib it  reduced r e a c t iv i t y )  tow ards a c y la t io n  (experim ent 
B ( i v ) ) .  No red u c tio n  in  tlie  second order r a te  co n sta n t cou ld  
be observed  in  the c o n c e n tr a tio n  range s tu d ie d . There are  
se v e r a l rea so n s which cou ld  account f o r  t h i s  r e s u l t .  (1 ) The 
c o n c e n tr a tio n  o f  th e  polym eric phenol s p e c ie s  may be too  sm all 
to  have any e f f e c t  on th e  r a t e .  (2 )  The phenol to  phenol 
liydrogen bond may be v;eaker than in  the s e l f  a s s o c ia t io n  o f
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a lc o h o ls .  (3 )  A c y c l ic  a s s o c ia te d  s p e c ie s  i s  n o t formed in  the  
p henol system . Tho in d u c tio n  i n  r a te  found when th e  e th a n o l 
c o n c e n tr a tio n  i s  in c re a se d  in  a c é t y la t io n  i s  due to  th e  energy  
req u ired  to  hrealc a  hydrogen bond (o r  two) i n  a  c y c l ic  s p e c ie s .
E. The r e a c t io n  o f  p h en o ls  w ith  a c e t i c  an h ydride.
In  a l l  th e  work rep orted  p r e v io u s ly , p h en o ls ap p aren tly  do 
n o t r e a c t  w ith  a c e t ic  a n h y d r i d e . I n  t h i s  work a  slow  r e a c t io n  
h as been found, but t h i s  i s  n on -rep rod u cib le  (S e c t io n  3 D ). The 
r e a c t io n s  rep o rted  here are probably caused by a g la s s  su rfa ce  
e f f e c t  s in c e  no r e a c t io n  cou ld  be d e te c te d  in  p o ly b u ty len e  
c o n ta in e r s .
itydroxyl groups on th e  su r fa ce  o f  s i l i c a  e x i s t  in  s e v e r a l  
170d i f f e r e n t  form s. ' The term in a l i s o la t e d  SiOH groups are th e  
moot s t a b le ,  whereas th e  hydrogen-bonded h yd roxy ls on a d ja cen t  
term in a l SiOH groups s t a r t  to  desorb w ater above about 200^.
Those SiOH groups on the su r fa ce  o f  th e  s i l i c a  can absorb w ater , 
which can be r a p id ly  pumped o f f  a t  room tem perature
Sev/ell and Morgan^^^ in v e s t ig a te d  the a d so rp tio n  o f  metloanol 
vapour on v i t r e o u s  s i l i c a  and s o d a - l im e - s i l i c a  g l a s s e s .  The 
h e a ts  o f  a d so rp tio n  in d ic a te  tloat a f t e r  low  tem perature d eg a ss in g  
trea tm en ts  each  m ethanol m olecu le  i s  adsorbed by th e  form ation  
o f  more than one liydrogen bond. A model f o r  t h i s  metloanol 




Porter^*^^ found t lia t  m ethanol, a f t e r  b e in g  s to r e d  i n  
”Pyrox” g l a s s ,  c o n ta in s  an a p p re c ia b le  amount o f  tr im e th y l b orate  
which coidLd be d e te c te d  by mass sp ectroscop y*  S im ila r  r e s u l t s  
were ob ta in ed  vm.th m etiianol vapour in  "Pyrex” v e s s e l s .
Sancior^"^^ vms unable to  stu dy th e  s e l f  a s s o c ia t io n  o f  m ethanol 
in  low  m o la r ity  carbon te tr a c l i lo r id e  s o lu t io n s  because o f  th e  
a d so rp tio h  o f  m ethanol on th e  g la s s  s u r fa c e s .
Very l i t t l e  work h as been done on th e  adsoi^ption o f  phenol 
on s i l i c a  s u r fa c e s  but r e s u l t s  in d ic a te  th a t  an in t e r a c t io n  does  
e x i s t . P y r i d i n e  i s  knovm to  bind s tr o n g ly  v â th  th e  hydroxyl 
group on s i l i c a . ^75
Swain sind Oîcamoto^*^  ^ in v e s t ig a te d  th e  r o le  o f  added p y r id in e  
in  tho m eth a n o ly s is  o f  tr ip h en y lm eth y l c h lo r id e  i n  benzene 
s o lu t io n .  The r a te  o f  m eth a n o ly sis  i s  independent o f  th e  
p y r id in e  c o n c e n tr a tio n  but th e  p y r id in e  lia s a  t r i p l e  purpose in  
th e  r e a c t io n  schem e, (1 )  i t  removes l ib e r a t e d  h y d ro ch lo r ic  a c id  
a s  th e  pyrid in ium  c h lo r id e , (2 )  i t  i s  p r e sen t in  th e  t r a n s i t io n  
s t a t e  and (3 )  i t  p r e v en ts  th e  s e r io u s  a d so rp tio n  o f  m ethanol on, 
and r e a c t io n  w ith , th e  g la s s  w a lls  o f  th e  v e s s e l .  P yrid in e  
g r e a t ly  d e c r e a se s  th e  a d so rp tio n  o f  m ethanol on th e  w a l ls ,  
e v id e n t ly  by i t s e l f  becoming hydrogen-bonded, in s te a d  o f  th e  
m ethanol, to  th e  hydroxyl groups on th e  g la s s  s u r fa c e . In th e  
absence o f  am ines, vftien a m ethanol s o lu t io n  in  benzene (4  z  10*% ) 
was a llow ed  to  stand  in  100 cm  ^ "Pyrex" v o lu m etr ic  f la s k s  f o r  
24 hours a t  25^, 10 -  50?S m etiianol d isapp eared  from th e  s o lu t io n .  
V/hen p y r id in e  v;as p r e sen t (0 .0 2  M) i n  th e  s o lu t io n , no m ethanol 
l o s s  cou ld  be d e te c te d . I t  was concluded th a t  p y r id in e  had tlie  
v e iy  u s e fu l  e f f e c t  o f  e lim in a t in g  th e  a d so rp tio n  o f  m ethanol on
l8 6
th e  g la s s  su r fa c e  throughout th e  m e th a n o ly s is .
The above reason in g  cou ld  app ly  to  tho a c é t y la t io n  
in v e s t ig a te d  h e r e . A lthough no ev id en ce  h as been found f o r  an 
in t e r a c t io n  o f  th e  foim  (IX) th e  p o s s i b i l i t y  cannot be ignored#
The f a c t  th a t  p y r id in e  w i l l  d e str o y  such an in t e r a c t io n  i s  ind eed  
v ery  u s e f u l  and h o ld s  v /ith  th e  f a c t  th a t  none o f  th o se  
anom olously f a s t  r e a c t io n s  were over  observed  when a base c a t a ly s t  
was p r e sen t in  th e  r e a c t io n  m ixture#
P. I n t o r f a c ia l  e s t é r i f i c a t i o n #
The aim o f  t h i s  work (exp erim en ts 0 ( i ) ,  ( i i )  and ( i i i ) )  
v/as to  d evelop  a  m ethodology o f  i n t e r f a c ia l  e s t é r i f i c a t io n *  The 
tec lm iq u e s  d e sc r ib ed  by Menger^^ were fo llo w e d  whenever p o s s ib le .
Monger s tu d ie d  th e  h y d r o ly s is  o f  ^ ^ n itrop h en yl la u r a te  a t  a  
h ep ton e-w ater  in te r fa c e  ( s e #  S e c tio n  1 ) and was a b le  to  fo l lo w  
th e  r e a c t io n  k i n e t i c a l l y .  S u b s ta n tia l ev id en ce  was found to  
prove th a t  t h i s  r e a c t io n  p roceeded  a t  th e  h ep tan e-w ater  in te r fa c e #  
In  t h i s  system , one o f  th e  r e a c ta n ts  ( i# e #  w ater) i s  a ls o  one o f  
th e  l iq u id  p h a se s . T h is c o n sid er a b ly  red u ces experim en ta l 
d i f f i c u l t y .  A s im ila r  system  was n o t p o s s ib le  f o r  e s t é r i f i c a t i o n .  
£ -N itro p h en o l was th e  o n ly  hydroxyl compound found s u ita b le  v/hich 
v/as so lu b le  i n  w ater  but v i r t u a l l y  in s o lu b le  in  th e  carbon  
te tr a c h lo r id e  p lia se . A lc o h o ls  g e n e r a lly  d is s o lv e  to  a  co n sid era b le  
e x te n t  in  botli phases# P iv a l ic  anhydride does n o t d is s o lv e  in  
th e  aqueous phase (nor in  aqueous £ -n itr o p h e n o l s o lu t io n )  but 
cannot be u sed  a s  a sep a ra te  l iq u id  phase because jo -n itrop h en ol 
i s  so lu b le  in  t h i s  anhydride#
The p re lim in a ry  r e a c t io n s  o f  m -n itrop h en ol w ith  is o b u ty r ie
j
and p iv a l i c  anh ydrides when ahalien w ith  sa tu ra te d  aqueous
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potassium  b icarb on ate  cannot be regarded a s  two phase because  
^ n it r o p h e n o l  i s  s l i g h t l y  so lu b le  in  carbon tetrach lo id .d e*  I t  
i s  thought im probable th a t  th e se  r e a c t io n s  occu r v i a  th e  
m ^nitrophenato an ion  because r e a c t io n s  w ith  t h i s  io n  would be 
ex p ected  to  be rapid# The d if fe r e n c e  betw een th e  p lo t s  o f  
percenta^ge r e a c t io n  a g a in s t  tim e (F igu re 22) f o r  th e  t\70 . 
anh ydrides cannot be exp la in ed #
27>Nitrophenol and p iv a l i c  anJiydride s o lu t io n s  do n o t r e a c t  
when s t ir r e d  to g e th e r  and a c a t a ly s t ,  e#g# 3 - p ic o l in e ,  must be 
added. No p y r id in e  base cou ld  be found vdiich d is s o lv e d  on ly  in  
tho  aqueous p h a se . T his In trod uced  a s o l u b i l i t y  problem which  
cou ld  n o t be overcome (s e e  b e lo w ). lYhen th e  3 -p ic o l in e  m o la r ity  
was reduced to  4 ,4  % 10*^ M a r e a c t io n  cou ld  be fo llo w e d , which  
i s  i l l u s t r a t e d  in  F igure 2 4 , In  a l l  th e  system s s tu d ie d , th e  
aqueous phase a f t e r  r e a c t io n  v/as a c id ic  and gave no u l t r a v io l e t  
a b so rp tio n  due to  th e  p^-nitrophenate anion# The form o f  F igure  
24 su g g e s ts  th a t  a  f a s t  r e a c t io n  i s  ta k in g  p la ce  betw een th e
2 -n itr e p h e n a te  an ion  and th e  anhydride which i s  stopped a s  th e  
aqueous phase becomes more a c id ic .  The u n reacted  p ^ n itrop h en o l 
cou ld  be d e te c te d  in  th e  aqueous phase by u l t r a v io l e t  
sp ec tro sco p y  to  be p r e se n t in  th e  hydrogen-bonded foim  (F igu re  
2 3 ) .
When p i v a l i c  anhydride (0 .0 1  M) was s t ir r e d  w ith  an aqueous
3 - p ic o l in e  s o lu t io n  f o r  7 h ou rs, th e  anliydride c o n c e n tr a tio n  
was s l i g h t l y  reduced in  th e  carbon te tr a c h lo r id e  phase# There 
i s ,  h en ce , doubt as. to  -whether t l i i s  r e a c t io n  i s  t r u ly  
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